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PEEFACE TO 
FIEST ENGLISH EDITION 



This work has been written in the hope of providing a 
book suitable for class teaching in Schools, which shall be 
at once simple and scientific. 

Novelty in method or in arrangement has been avoided 
as much as possible ; at the same time the book will be 
found to ditFer in many ways from any existing text-book. 

Rules are nearly always avoided ; specimen examples 
fully worked out are given instead. The theory, concisely 
stated, is given in large type ; the illustrations and ex- 
planations are given in smaller type, and are intended as 
suggestions on which the teacher may enlarge at his dis- 
cretion. The examples are numerous and for the most 
part easy ; those in the miscellaneous collections at the 
end of each chapter are somewhat more difficult. 

% it it it % ii^ 

The book is divided into Chapters each of which is, as 
far as possible, complete in itself; so that the order, in 
which the Chapters ai-e taken may be varied at the dis- 
cretion of the teacher. A few articles and exercises are 
marked with a star ; these may sometimes be omitted on 
a first reading. 

The Chapter on Approximation treats of a part of 
the subject which of late has been rapidly rising in 
importance. 



VI PREFACE 

The so-called Unitary Method of solving problems is 
most useful for the purposes of explanation and instruction, 
as it exhibits the idea of number or ratio in a very simple 
form. It should, however, be used rather as a stepping 
stone to the more complete understanding of the funda- 
mental idea of ratio, than as a completely satisfactory 
method for the solution of problems. 

« ^ « « * ^ 

J. B. LOCK. 

GONVILLE AND CaIUS COLLEGE, CAMBRIDGE, 

March 1886. 



PEEFACE TO THE AMERICAN EDITION 



The characteristic features of Mr. Lock's Arithmetic, a^ 
set forth in the extracts from his preface given above, 
seem to me also the characteristic excellences of the Book, 
and it has been my aim to leave them unaltered, while 
introducing freely such changes and rearrangements 
as were necessary in order to produce an Ajoierican 
Arithmetic. 

I trust that this American edition may be found as 
free from errors, typographical and others, as the English 
edition. 

C. A. SCOTT. 

Bryn Mawr, Pennsylvaiha, 

October, 1890. 
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PAET I 



CHAPTER I 

1. DEFINITION. A quantity is called a unit quantity 

when it is used for the purpose of comparing the magnitudes 

of other quantities of the same kind. 

Thus, Afoot is used as the unit length when we speak of a certain 
length as containing a number of feet. A shilling is used as a unit 
quantity when we speak of a sum of money as containing a number of 
shillings. 

A unit is hereafter used as an abbreviation for a unit 

quantity, 

A quantity is said to be measiired by the number of units which it 
contains. Hence, 

2. DEF, A number is that which is applied to a unit 
for the purpose of indicating the magnitude of a quantity 
of the same kind as the unit. 

Thus, when we say that a certain field contains three hundred and 
fifty acres, the number three hundred and fifty applied to the %mit 
quantity acref indicates the magnitude of a certain collection of acres 
when compared with tliat of the unit quantity an acre. 

The number and the unit together indicate the absolute magnitude 
of the quantity ; the number indicates the relative magnitude. 

3. One, two, three, four, five, six, seven, eight, nine, etc., 
are names given to various numbers. 

The symbols or figures 1, 2, 3, 4, 5, 6, 7, 8, 9 are used 
as abbreviations of the words one, two, three, etc. 
<S B 
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DEF, The number" one or 1 applied to the unit in- 
dicates a quantity which consists of a single unit. 

The number two or 2 applied to the unit indicates a 
quantity which consists of one unit and one unit more. 

The number three or 3 applied to the unit indicates a 
quantity which consists of two units and one more. 

The number four or 4 applied to the unit indicates a 
quantity which consists of three units and one more. 

And so on ; the next successive numbers being named 
five, six, seven, eight, nine, and represented respect- 
ively by the figures 5, 6, 7, 8, 9. 

It may be noticed that the number four and the words four timoB 
express the same thing : four units is the same as four times the unit. 

Example, Prove that 5 units arid 3 units together are equal to 8 
units. 

5 units and 3 units are equal to 5 units and 1 unit and 2 units ; 
which are equal to 6 units and 2 units ; which are equal to 6 units and 
1 unit and 1 unit ; that is, to 7 units and 1 unit ; that is, to 8 units. 

4. There is no limit to numbers ; for if we imagine a 

number of units we can always imagine one more. Also it 

would be possible for each number to have its own peculiar 

name and its own peculiar figure. 

For example, the next number to nine is named ten, the next eleven, 
the next twelve, and so on ; and these might be indicated respectively 
by separate figures such as X, F, A ; and so on. 

But a multitude of disconnected names and figures would 
be very inconvenient. We therefore proceed to explain a 
convenient system for arranging the names and the figures 
which indicate successive numbers. 

A little consideration will show (i) that such a method is not 
absolutely necessary ; it is useful and convenient, (ii) that such a 
method does not spring out of the nature of numbers. A method 
which is convenient, but not absolutely necessary, is called a Con- 
vention. 

5. DEF. A method by which numbers are systematic- 
ally expressed in words is called Numeration. 
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Numeration. 

6. The established method of numeration is based upon 
the number ten. 

The following DEFINITIONS are necessary :— 
the number ten applied to the unit indicates a quantity 

which consists of nine units and one more, 
the number hundred, applied to the unit indicates a 

quantity which consists of ien ten-units. 
thousand . . consists of ten hundred-units, 
ten- thousand . „ ten thousand-units, 

hundred-thousand „ ten ten-thousand-units, 

million ... „ ^^ti hundred-thousand-units. 

And there are in succession 
ten-million . . \ 

hundred-million . j , , , . , , v . ^ 

billion f ^^ which numbers applied to 

ten billion ' * / ^^® "^^^ indicates ten times as 
hundred-billion \ \ "^^^^ '^''''^ "^ *^^ preceding. 
trillion, and so on / 

billion is an abbreviation for thousand-million,* trillion fo. 
thousand-billion, and so on. 

Ten is called the first power of ten ; hundred is called 

the second power of ten ; thousand, the third power of 
ten, and so on ; million, the sixth power of ten ; billion, 
the ninth power of ten, and so on. 

A Hundred units are ten /gTi-units, 
A Thousand units are ten ten-ten-xjimt^y 
and so on. 
The number one may conveniently be called the zero- 
power of ten for a reason which will appear later on 
(Arts. 45, 201). 

* In England billion is the name for miVZiow-million, trillion for 
mUlion-\A\\\on, and so on. On the continent of Europe the names are 
used as in the United States. 
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7. To show how any given number (of units) may be ex- 
pressed by means of the above numbers. 

Suppose that the given number of units is represented 
by that number of counters. 

Let all the counters be arranged in groups, each con- 
taining ten counters, until less than ten counters are left. 
Suppose, for example, three counters are left. 
Next let all these groups of tens be arranged in sets 
of ten, each set containing a hundred counters, until the 
remaining number of groups is less than ten. 

Suppose the remainder to be two groups (of ten counters). 
Next let the hundreds be arranged in heaps of ten, each 
heap containing a thousand counters, until the remaining 
number of sets is less than ten. 

Suppose the remainder to he four sets (of a hundred counters) ; 
and so on. 

In this way, as the number of counters is limited, we 
shall at last arrive at heaps of counters, of which there are 
less than ten heaps altogether. 

Suppose, for example, we have finally, sei^en thousand counters. 
We should then in our supposed example have found that the given 
number of units consisted of seven (thousand) four (hundred) two (ten) 
and three, 

or in the usual way of speaking the number of units is seven 
thousand four liundred and twenty-three. 

Thus any given number (of units) may be enumerated 
in terms of the numbers ten, hundred, thousand, etc., by 
the aid of the numbers from one to nine inclusive. 

This is the Decimal System of Numeration. 

EXAMPLES. 

The pupil should have a large number of counters (a bag of seeds, 
such as beans, would do), and go through the process of arranging 
three or four different numbers at the least 

Arrange by means of counters : — 1. Fifty-three units. 2. Ninety- 
four units. 3. Three hundred and sixty-five units. 
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8. It should be noticed that any other number than ten 
may be used as the basis of a system of numeration. 

EXAMPLES. 

Let the pupil take a heap of counters and arrange them in groups 
each containing any number, say twelve, counters j then arrange the 
groups in sets of twelve ; and so on, as in Art. 7. 

Arrange by means of counters ; — 1. 6 gross 7 dozen and 8 ; 2. 8 
gross 9 dozen and 3 ; 3. Ten gross and eight. 

The figures of Arts. 143, 169, will be found useful for illustration. 

9. It will be seen that the decimal system of numera- 
tion has become a part of the English language. 

The names of the numbers between ten and a hundred 
are somewhat irregular; instead of ten and one we have 
eleven (from the Gothic ainlif, ain one and lifteu); instead 
of ten and two we have twelve (Gothic tvalif, tva two and 
lif ten) ; instead of ten and three we have the abbreviation 
thirteen ; and so on ; instead of two ten we have twenty; 
and so on. 

It should be noticed also that an expression such as 
four hundred million, twenty million, two million, seven hundred 
thousand, twenty thousand, five thousand, is abbreviated thus : 
four hundred and twenty -two million seven hundred and 
twenty-five thousand. 

It will often be convenient to use tens, hundreds, 
thousands, etc., as an abbreviation for ten units, hundred 
units, thousand units, etc. 

10. When the figures 1, 2, 3, 4, 5, 6, 7, 8, 9 are used 
in the numeration of a number greater than ten they are 
called the digits of the number. 

Man having ten fingers, ten came to be used as the basis of numeration, 
and each of the figures 1, 2, 3, 4, 5, 6, 7, 8, 9 was indicated by its own 
particular finger {digitus, a finger). 

Example. Narrve the powers of ten ayid the digits employed in 
Four hundred and twenty-one thousand two hundred and four. 

The powers of ten used are hundred-thousand, ten-thousand, thou- 
sand, hundred, and one ; the digits are 4, 2, 1, 2, 4. 
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EXAMPLES. I. 

Name the powers of ten and the digits employed in the following :— » 

1. Three hundred and forty-seven. 2. Four thousand two hundred 
and eighty-one. 3. Sixty thousand two hundred and twenty. 4. Four 
million two hundred and thirty-one thousand five hundred and ninety. 
a. Twenty-three million four thousand and ten. 6. Four hundred and 
one million thirty thousand and six. 7. Two hu/idred and ten million 
four hundred and two thousand and thirty. 8. Ninety million forty 
thousand and one. 



Notation. 

11. In Art. 7 it has been explained that any given 
number of units may be expressed by means of certain of 
the nine digits and the successive powers of ten, viz. one, 
ten, hundred, thousand, etc. What is required is a con- 
venient method of indicating these powers of ten by 
symbols ; such a method is called Notation. 

1 2. To explain the method of Notation, 
Consider the following diagram : — 
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It is a method of representing the number five million, 
one hundred and seventy-six thousand, two hundred and 
forty-three. The digits expressing the number have been 
written in a line, and above each is placed the power of ten 
to which it refers. 
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In the ordinary method of notation the digits are 
arranged in the order of the diagram, and the necessity for 
always writing above each digit the name of its particular 
power of ten is avoided by the following convention : 

It is agreed that the place or position of each digit 
shall indicate to which power of ten it refers ; so that the 
above number is written concisely thus 

5176243. 

The one-place is the zero, or starting, place ; the ten-place 
is the first place on the left of the one-place ; the hundred- 
place the second on the left; the thousand -place the 
third ; and so on. 

Note. — It is usual to point out that the * places ' of the digits are 
arranged by their names in sets of three, the first set being one, ten, 
hundred ; the second set thousand, ten-thousand, hundred-thousand ; 
and so on. 

The student will often find it convenient to count off the places 
from right to left in threes by commas thus — 5,176,248. These 
commas are merely aids to the eye and have no fui-ther meaning. 

EXAMPLES. 11. 

State in words the numbers represented by the following sets of 
digits: — 

1. 4712. 2. 576321. 8. 15216. 4. 8976421. 

6. 666667. 6. 87654821. 7. 128,456,789. 8. 12,845,654,821. 

9. 11,111,111. 10. 999,999. 11. 41,366,123. 12. 8,614,581,236. 

13. Many numbers are such that one or more of the 
powers of ten are missing in their expression. For 
example, //*wr million three thousand and twenty. In such 
cases the figure is introduced to keep a place for each of 
the powers of ten which is not represented by a digit in 
the expression of the number. Thus the number four 
million three thousand and twenty is written 

4003020, 

as will be seen from the scheme on the next page. 
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2 

Thus, the figure 0, which is called nought, or cypher, 
is used to indicate that a certain power of ten is absent from 
the expression of a number ; and thus also to indicate for 
those digits which are used their proper power of ten. 



EXAMPLES. IIL 



Express each of the following numbers in figures : — 

1. A thousand and one. 2. Nine hundred. 

3. Twenty-one thousand and six. 4. Four thousand. 

6. Five hundred thousand. 6. Fifty thousand. 

7. Four hundred and five thousand. 8. Five million. 

9. Four million five thousand. 10. Twenty million. 

11. Seventy million one thousand. 

12. Two billion and fifty. 

13. Six hundred and nine million one thousand two hundred. 

14. Four thousand million nine hundred thousand. 
16. A hundred thousand million and ten thousand. 

16. Nine hundred thousand and nine hundred million nine hundred 
thousand and ninety. 

Express each of the following numbers in words : — 



17. 


40. 


18. 


800. 


19. 


7000. 


20. 


601. 


21. 


70500. 


22. 


800102. 


28. 


410000. 


24. 


7090709. 


25. 


80080080. 


26. 


45016000. 


27. 


800100010. 


28. 


780907812. 


29. 


8,110,101,000. 


30. 


66,600,066. 


81. 


l,010,101,0ia 


82. 


8,070,060,010. 


38. 


400,000,000. 


84. 


4,050,060,000. 
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Addition. 

14. The meaning of the word *add' may be explained 
thus : To add two or more given numbers, say 54, 29, and 
108, we take 54 counters, 29 counters, and 108 counters 
and put them together ; the number of the counters taken 
together is the result of adding the three numbers. 

DEF, Tlie result of adding two or more numbers is 
called the BUm of those numbers. 

DEF. Addition is the method or rule by which the 

sum of two or more given numbers is obtained from those 

numbers. 

It should be noticed that in the definition of successive numbers the 
idea of addition is assumed; we define eight units us the result of 
adding one unit to seven units. [See Art. 25.] 

15. DEF, The siijn + is used to indicate that the two 

numbers between which it is placed are to be added. It 

is read ' plus.' 

Example. 3 + 5 means that 5 is to be added to 3. It is read ' three 
plus five * 

Numbers connected by the sign + are called terms. 
The sign = is used as an abbreviation of the words * is 
equal to.' It is read ' equals.' 

Note.— The sign = always makes a statement. 
Example, 3 + 5 = 8, states that the sum of 3 and 5 is equal to, that 
is, is the same number as, 8. It is read * 3 plus 6 equals 8.' 

16. All accurate facility in the subsequent processes 
of Arithmetic depends on a complete familiarity with 
the Addition Table. This Table, which consists of the 
sums of every pair of numbers less than ten, the pupil 
should construct for himself. The method of addition is 
based upon it. 

Example, Add 8 + 6 + 9 + 4 + 8 + 7. 
Process, 

8 + 6 = 14; 14 + 9 = 23; 23 + 4 = 27; 27 + 8 = 35; 36 + 7 = 42. 
The student must learn to say mentally no more than 8, 14, 23, 27, 
35, 42. 
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Mental Arithmetic. 

The best possible exercise in the mental process of 
addition is afforded by the method known as counting by 
equal increments ; thus : 

Examples, CoutU aloud by increments of 2 up to 20 starting (i) at 
2, (ii) at 1. 

Ansioer (i). 2, 4, 6, 8, 10, 12, 14, 16, 18, 20. 
Ansioer (ii). 1, 8, 5, 7, 9, 11, 13, 15, 17, 19. 

Count aloud by increm^ents of 1 up to 100, starting (i) at 7, (ii) at 8. 
Answer (i). 7, 14, 21, 28, 35, 42, 49, 56, 63, etc. 
Answer (ii). 3, 10, 17, 24, 31, 88, 45, 62, 69, etc. 

Each step in the addition must be done mentally by 
the aid of the memory only ; the use of fingers or of any 
other mechanical aid is destructive of all progress. 

The rate at which the successive numbers are named 
should be at first slow ; it should be gradually quickened 
as facility is attained ; the increments should be made 
larger ; and the counting taken up to larger numbers. 

It may be pointed out that this method provides the most perfectly 
graduated exercises in mental addition, rendering a multitude of 
printed examples for practice unnecessary. 

It may be also pointed out that this method does not stipei'sede the 
ordinary methods of mental addition ; it forms a stopping stone to 
facility in montal addition, the value of which can scarcely be over- 
estimated. 

1 7. Large numbers are added as follows : 

Example, Add together 8471, 89054, 4060391 

Suppose there are three sets of counters containing 3471, 89054, 
406039 respectively, each set being arranged in ones, tens, hundreds, 
thousands, etc. ; we have to find the number in all three sets taken 
together. We first add the ones ; thus, 9 + 4 + 1 = 14 = 1 ten + 4; we 
next add the tens, canylng, that is, including in the tenSj the 1 ten 
from the ones ; thus (1+3 + 5 + 7) tens = 16 tens = 1 hundred + 6 tens. 
We then add the hundreds, carrying the 1 hundred from the tens ; 
thus (1 + + + 4) hundreds = 5 hundreds; and so on. It is found 
convenient to arrange each power of ten in the same vertical column, 
as on the next page : 
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Process, 



8471 

89054 

406039 

498564 Ans, 



f Mentally thna I 9, 13, 14; 
carri/ 1, 4, 9, 16 ; 
carry 1, 5 ; 

6, 16, 18 ; 
carry 1, 9 ; 4. 



EXAMPLES. IV. 

[It is recommended that the pupil should work out with the aid of 
counters the first four of the following examples.] 

Perform the additions indicated in each of the following : 
1. 82 2. 84 8. 161 4. 643 

41 92 237 1096 

70 127 . 219 409 



5. 76841 


6. 79412 


7. 546711 


8. 70776 


89001 


8416 


873461 


789654 


967860 


82 


5400 


100700 


4362 


48699 


290036 


3456789 



Add together each of the six following sets of numhers : — 
9. 7942 + 8643 + 4731 + 306. 

10. 36910 + 47123 + 96541 + 4806. 

11. 579123 + 490 + 4761 + 89742 + 37652. 

12. 794316 + 4978 + 324610 + 9876001 + 49136 + 88888. 

13. 79105 + 84624 + 888661 + 773770 + 678901 + 45678. 

14. 5641 + 7934062 + 8765431 + 976823 + 874 + 29 + 48765. 

16. In the Battle of Waterloo it is said that of the soldiers engaged 
36273 were British, 7447 were Hanoverians, 8000 were Brunswickers 
and 21000 were Belgian, whilst there were about 75000 French ; how 
many were thereof the four allies, and how many combatants were 
there altogether ? 

16. In 1881 the population of England and Wales was 24,974,439, 
that of Scotland 3,735,573, that of Ireland 5,174,836 ; what was the 
total population of the British Isles in 1881 ? 

17. It is stated that the area in square miles of the British Isles is 
one hundred and twenty-one thousand one hundred and fifteen, of 
British Possessions in Asia one million five hundred and eighty-eight 
thousand two hundred and fifty-four, in Africa two hundred and 
seventy thousand, in America three million seven hundred and thirty- 
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three thousand two hundred and seven, in Australasia three million 
one hundred and eighty-one thousand three hundred and thirty-four, 
in other parts ninety-six thousand one hnydred and seventy-one ; how 
many square miles are there in the whole of the British Empire ? 

18. The puhlic revenue in 1882 of New South Wales was seven 
million four hundred and ten thousand seven hundred and thirty-seven 
pounds ; of Victoria five million nine hundred and thirty-four thou- 
sand two hundred and forty-one pounds ; of South Australia two 
million nine thousand four hundred and eighty -four pounds; of 
Queensland two million four hundred and sixty-six thousand three 
hundred and fifty-eight pounds ; and of Western Australia two hundred 
and fifty thousand three hundred and seventy-two pounds ; what was 
the total public revenue of Australia ? 

19. In 1884 the exports of the United States are said to have been 
worth seven hundred and forty million five hundred and thirteen 
thousand six hundred and nine iJollars and the imports one thousand 
four hundred and eight million two hundred and eleven thousand 
three hundred and two dollars ; how many dollars were they worth 
together ? 

Subtraction. 

1 8. The meaning of the word * subtract ' may be ex- 
plained thus : To subtract one given number, say 395, 
from a larger given number, say 4791, we find the number 
which. must be added to the smaller number that the sum 
may be the larger number. This number, when found, 
is the result of subtracting the smaller number from the 
larger. 

DEF, The result of subtracting one given number from 
a larger number is called the difference. 
It is also often called the remainder. 

DEF, Subtraction is the method or rule by which 
the difference between two given numbers may be obtained 
from those numbers. 

19. DEF. The sign - is used to indicate that the 
second of the two numbers between which it is placed 
must be subtracted from the first. It is read minus. 
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Example. 8-3 indicates that 3 is to be subtracted from 8. It is 
read *8 minus 3.* 

The greater of the two given numbers is called the minuend, the 
less is called the subtrahend ; but these names are not often used. 

Numbers connected by the sign + or by the sign - are 

called terms. [Art. 16.] 

Example. 8-3 = 5. Here 8 is the greater, 3 the less of the two 
terms; 5 is the difference between 8 and 3. 8 is also called the 
minuend, 3 the subtrahend, 5 the remainder. 

20. The process of Subtraction is the process of finding 
the number which must be added to a given number to 
make a larger given number ; it is sometimes called com- 
plementary addition. 

Example. Thus, 8 - 3 = 5, because 3 + 5 = 8. 

Large numbers are subtracted as follows : — 

Example. Subtract A&Z1 from %^\^. 

We are to find the number which added to 4837 makes up 8319. 

We place the smaller number under the larger, as in Addition ; then 
we see that 7 with 2 added make up 9 ; put down 2 ; next, 3 (ten) and 
8 (tfu) are 11 (ten) ; put down 8 (ten), and carry* 1 (hundred) ; next, 
(8 + 1) (hundred) and 4 (hundred) are 13 (hundred); put down 4 
(hundred), and carry 1 (thousand) ; (4 + 1) (thousand) and 3 (thousand) 
are 8 (thousand) ; put down 3 (thousand). 

Thus 3482 added to 4837 make up 8319. 

Process 8319 / Mentally thus : 7 and 2= 9 ; 

4837 \ 3 and 8 = 11; 

) carry ly 9 and 4 = 13; 

3482 Answer, ( cai^yl, 5 and 3= 8. 

* Note. Carry 1. We are making the lower number up to the 
higher number ; we have added 8 to the 3 and so have made the 3 
up to 11 ; in other words, we have made the thirty in the lower number 
up to one hundred and ten. This one hundred is accordingly considered 
as having been already added to the 8 hundred (for our lower number 837, 
to which 82 has been added, is thereby made up to 919) ; accordingly in 
our next step we say 9 hundred and 4 hundred make 13 hundred ; and so 
on. Thus the figure carried is added to the next figure on the left in the 
lower line. 

We may notice that the carrying is the same process as in addition ; 
we are adding 3482 to 4837 and we carry when necessary. 
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EXAMPLES. 

Perform the following subtractions : — 



1. 85 


2. 


491 


8. 


171 


4. 1654 


45 




62 




89 


965 


5. 291 


6. 


411 


7. 


1000 


8. 1505 


193 




382 




645 


999 


9. 847951 


10. 


796854 


11. 


876123 


12. 100000 


8067 




28999 




99999 


99999 



18. 73461-25973. 14. 85736940-76846941. 

16. 8010203-7010204. 16. 999990-888889. 

17. Find the difference between twenty thousand and two and 
twelve thousand eight hundred. 

18. A million seven hundred - forty -nine thousand and nine. 

19. There were 67,374 miles of railway in the United States in 
1872 and 71,564 in 1873 ; how many miles were added in one year? 

20. A man has $10,000 ; how much must he borrow that he may 
be able to pay $13,640 for an estate ? 

21. A man sold some land for forty-five thousand pounds, making 
thereby a profit of seven thousand one hundred and twenty -five 
pounds ; what did the land cost him ? 

22. The population of London in 1881 was 3,831,719, of Paris 
1,988,806, of New York and Brooklyn 1,242,533 and 566,689 respect- 
ively ; how many more inhabitants has London than all three cities 
put together ? 

23. A man left $176,450 and gave by his will $40,000 to each of 
two sons and $34,500 to his daughter, the remainder to his wife ; what 
was the wife's share ? 

21. From the meaning given to addition and subtrac- 
tion it appears that an alteration in the order in which 
numbers are added or subtracted does not alter the result ; 
provided that it is not at any time required to subtract a 
larger number from a smaller. 

Example. 874 + 39 - 176 - 37 + 495 - 763 

is the same as 874 + 39 + 495 - 176 - 37 - 763. 

It is generally convenient first to find the sum of the terms to be 
added, and then of those to be subtracted, and then to find the differ- 
ence of the results. In this case the sums are 1408 and 976. There- 
fore the required result is 1408 - 976, that is 432. See also Art. 23. 
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22. Brackets are often useful as a means of abbrevia- 
tion. When an expression is enclosed in a bracket, the 
operations of arithmetic indicated inside the bracket are to 
be performed before any other operation is performed on 
the numbers in the bracket. 

Eocample (i). 8 - (3 + 4) means that 3 + 4, i.e. 7, is to be subtracted 
from 8. [Note. 8-(3 + 4) = 8-7 = 8-3-4.] 

Example (ii). (8 + 7) - { 5 - (2 + 1 ) } is to be understood as follows. 
The inner bracket (2 + 1) indicates that 1 is to be first added to 2 ; the 
- before the bracket indicates that the result, 3, is to be subtracted 
from 6. Thus(8 + 7)-{5-(2 + l) = 15-{5-3}}=15-2 = 13. 

23. The method of Subtraction (or complementary 
Addition) of Art. 20 may be employed very conveniently 
to abbreviate the work of a question like the following : — 

Subtract 4758 + 39276 + 47825 + 9718 from 167031. 
Process 167031 



4758 First add the four 

39276 digits in a column, 

47825 ^^^ ^^^^ make the 

9718 ^^''^ ^-P ^ ^^ ^ 
line, as in Art. 20. 



65454 



MmtallythviBi 8, 13, 19, 27 and 4=31; 

carry Z, 4, 6, 13, 18 and 6=23; 

carry 1, 9, 17, 19, 26 and 4 = 30; 

carry Zy 12, 19, 28, 32 and 6 = 37; 

carry Z, 7, 10, and 6 = 16. 

The first digit in heaw type is the digit in the answer, the second 
is the figure carried [see ifote. Art. 20]. 

EXAMPLES. VL 

Perform the operations indicated below. 
1. 8971 - 432 - 187. 2. 439 - 64 - 81 - 43. 

3. 179-36-49-23. 4. 1476-293-64-491. 

6. 8910 - 702 - 361 - 1421. 6. ' 1600 - 374 - 400 - 799. 

7. 479 + (3624-1731). 8. 74891 -(4683 + 4297). 
9. 66674 + 843 -{(9645 + 8761) + 201}. 

10. 87642 + 798764 - {379862 + 4001 - (14760 - 3720) } . 
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11. Find the difference between (9712 - 932) and (954 - 764). 

12. What is the remainder when 7481 is subtracted from (39765 

- 8462) ? 

13. What number must be added to the sum of 3691, 4782, 69350 
that the sum may be one million ? 

14. From the sum of 23462 and 9080 subtract the difference between 
34000 and 7640. 

16. What number subtracted from 2471 + 156 will leave 3754 

- 2683 ? 

16. The greater of two numbers is 59253 and their difference is 
41684 ; what is the less ? 

17. The sum of two numbers is 1363 and one of them is 864 ; what 
is the other ? 

18. A man bought three houses for $7725, $4475, and $10375 
respectively, and paid $15900 as a deposit ; how much has he sttll 
to pay ? 

19. A has $8750 ; B has $1975 less than A ; and C, if he had $735 
more than he has, would have as much as A and B together ; how 
much has (7? 

Multiplication. 

24. The meaning of the word * multiply' may be ex- 
plained thus : — To multiply a given number, say 34, by 
a given number, say 23, we take 23 groups of counters, 
each group containing 34 counters, and add them together ; 
the sum is the required result ; hence, 

DEF. Multiplication is a convenient method of 
finding the sum of a given number of repetitions of a 
certain number. 

Thus, when 34 is multiplied by 6, the number required is 
34 + 34 + 34 + 34 + 34 + 34, that is, 204. 

DEF, The number which is multiplied is called the 
multiplicand. 

The number by which it is multiplied is called the 
multiplier. 

The resulting number is called the product. 

The sign of multiplication is x . 

Thus 34 X 6 is an abbreviation for 34 multiplied by 6, which is read 
six tirnes thirty-four. 



MULTIPLICATION 
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Since the definition of successive numbers requires the idea of 
addition, it must involve also the idea of multiplication. Thus, when 
we multiply a number by twenty-three we perforrat upon that number 
the same operation which performed upon one gives tweuty-three as 
result ; hence the following 

25. GENERAL DEFINITIONr To multiply a 
number by another number, we must perform on the 
number multiplied that operation which, when performed 
upon one, gives as resulc the multiplier. 

26. The pupil should make a list of the results of 
multiplying each number from 1 to 12 inclusive by every 
number from 1 to 12, and should make himself familiar 
with it. A Table of these results is given below. 



X 


2 


8 


4 


5 


6 


7 


8 


9 


10 


11 


12 


2 


4 


6 


8 


10 


12 


14 


16 


18 


20 


22 


24 


3 


6 


9 


12 


15 


18 


21 


24 


27 


30 


33 


36 


4 


« 


12 


16 


20 


24 


28 


•32 


36 


40 


44 


48 


5 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


60 


6 


12 


18 


24 


30 


36 


42 


48 


64 


60 


66 


72 


7 


14 


21 


28 


35 


42 


49 


56 


63 


70 


77 


84 


8 


16 


24 


32 


40 


48 


56 


64 


72 


80 


88 


96 


9 


18 


27 


36 


45 


54 


63 


72 


81 


90 


99 


108 


10 


20 


30 


40 


50 


60 


70 


80 


90 


100 


110 


120 


11 


22 


33 


44 


55 


66 


77 


88 


99 


110 


121 


132 


12 


24 


36 


48 


60 


72 


84 


96 


108 


120 


132 


144 



27. To p'ove that the multiplier and multiplicand may he 
interchanged without altering the product 

Let the product be the total number of the counters in 
certain equal groups of counters. Then, 

C 
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the number of the groups is the multiplier ; the number 
of the counters in each group is the multiplicand. 

Now rearrange the counters by taking one counter from 
each group to form a new group, and repeating the process 
till all the counters have been formed into a new set of 
equal groups. 

The number of the new groups (the new multiplier) is 
the former multiplicand. 

The number of the counters in each of the new groups 
(the new multiplicand) is the former multiplier. 

The total number of the counters (the product) is 
unaltered and the proposition is proved. 

Example, To prove that seven times five = five times seven. 

The first product is the number of the counters in seven groups each 
containing five counters. . Representing a counter by a star, they may 
be arranged thus : 



««««««« 

Let the number in each column (five) be the multiplicand, then the 
number of columns (seven) is the multiplier. 

Next let the number in each row (seven) be the multiplicand, then 
the number of rows (five) is the multiplier. 

The product, which is the sum of all the counters, is the same in 
each case. 

Since a multiplier and multiplicand are interchange- 
able, their two distinguishing names are seldom used. 

DEF, Two or more numbers connected by the sign 
of multiplication are called factors. 

28. The Multiplication of numbers greater than ten 
is a method of adding a series of repetitions of a given 
number. It is based upon the table of the products of 
numbers less than ten with which the student is now 
supposed to be familiar. 
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Example, Multiply 4793 by 785. 

That is, find the number of counters in 785 groups each containing 
4793 counters ; or, find the number in 

700 times 4793 countera, 
+ 80 times 4793 counters, 
+ 5 times 4793 counters. 

We shall consider these three sets separately. 

700 times 4793 is equal to 100 times 4793 counters repeated seven 
times, 

and 100 times 4793 is equal to 479300 ; for each digit in the latter 
number has a hunjdred times its value in the former. Hence 

700 times 4793 = 7 times 479300. 

We do not trouble to write down 479300 seven times and add, but 
we use the following abbreviation ; — 

479300 >. 

479300 J 

479300/ . A-yoqnft 

479300f. ^^ ._/ ^^^3^5 

479300 /^ abbreviated -[ »_ 

479300 ( 13355100 

479300 1 The 7 placed under the number 479300 indicat- 
3355100/ ing how many times it is to be repeated. 

From the Table of Multiplication we remember that 7 times 3=21, 
that 7 times 9 = 63, and so on ; the rest of the process being the same 
as in addition. 

The beginner must learn to multiply a digit and add in the figure 
carried, in one mental process ; thus, seven 3's, 21 ; carry 2, seven 9's, 
65 ; carry 6, seven 7*s, 65 ; carry 5, seven 4's, 33. 

Again, 80 times 4793 = 8 times 47930, and we have as above 

47930 
8 



383440 
And 5 times 4793 is found in the same way, 

4793 
6 

23965 

Hence, 785 times 4793 counters = 3356100 + 383440 + 23965 counters 
= 3762505 counters. 
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The whole process may be eombined as follows : — 

4793 
785 



3355100 

383440 

23965 

3762505 



or, omitting the O's 
which are not neces- 
' sary when the place 
of each digit is evi- 
dent, 

{Prodtcct) 




or, arranging 
the addition 
in a different 
order, 

(ProdtuU) 
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4793 
785 



23965 
38344 
33551 



3762505 



EXAMPLES. VIL 

Perform the multiplications indicated : — 



1. 


21 2. 


36 




3. 81 




4. 45 




3 


4 




9 




7 


6. 


4963 6. 87931 




7. 49612 




8. 87610 




7 


8 




10 




12 


9. 


47x3. 


10. 


26x8. 




11. 


101x12. 


12. 


376 X 9. 


13. 


7614 X 


5. 


14. 


84932x11. 


16. 


67034x100. 


16. 


365 X 


200. 


17. 


1571 X 300. 


18. 


978 X 90. 


19. 


8909 X 


900. 


20. 


4040 X 800. 


21. 


47 X 63. 


22. 


59 X 45. 


23. 


73 X 51. 


24. 


4971 


26. 


69830 




26. 


81674 




384 
4912 X 368. 


28. 


476 


X 1402. 


29. 


591 


27. 


76841 


397 X 40012. 


30. 


7901 X 3601. 


31. 


40571 


X 8070. 


32. 


12035x61011. 


33. 


7707 X 6006. 


34. 


65432 


X 5051. 


36. 


23041 X 7676. 


36. 


98765 X 786. 


37. 


89756 


x978. 


38. 


76098 X 768. 


39. 


86405 by 700732. 






40. 76841 by 3760001. 


41. 


493602 by 8090102 


. 




42. 709020 by 300700400 


43. 


277274 by 1728. 






44. 97654 by 78065. 


46. 


4709123 by 70770. 






46. 837621 by 89795. 


47. 


4097684 by 49536. 






48. 709377 


by 89795. 


49. 


987761 by 56789. 






60. 394959 


by 476787. 


61. 


314159 by 31416. 






62. 365242 


by 45967. 



63. How many yards of calico are there in 49 bales, each bale con- 
taining 37 laeces and each piece containing 88 yards ? 

64. 25 masons earn $13 each, and 20 labourers $8 each per week ; 
how many dollars do they all earn in 12 weeks ? 
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66. If 3471000 letters are posted daily, how many are posted (i) iii 
a week, (ii) in a year ? 

66. If 41320 persons cross London Bridge daily, how many cross (i) 
in a week, (ii) in a year ? 

67. Light travels 192500 miles in a second ; how many miles does 
it travel in a day ? 

29. Multiplication by factors. The result of multiply- 
ing a number by the product of two or more factors is the 
same as the result of multiplying the number first by one 
factor, then multiplying this product by another factor, and 
so on, till all the factors have been used. 

Example. Multiply 364 by 48. Here 48 = 8 x 6. 

By 'multiplying by 48 ' is meant : * find the number which results 
from adding 48 sets, each set containing 364 counters.' These 48 sets 
may be arranged in 6 groups of 8 sets eacli. The number of counters 
in a group is found by multiplying 364 by 8, and since there are 
6 groups we multiply this number by 6 and obtain as result the whole 
number of counters ; hence we * multiply first by 8 and the result 
by 6.' 

Process 364 

8 

2912 
6 



{Product) 17472 

The continued product of three or more numbers is 
the product of two of the numbers multiplied by the third, 
the result multiplied by the fourth, and so on. 

Example. The corUinued product of 7, 9, and 11 is 
7 X 9xll = (7x 9) X 11 = 63x11 = 693. 

30. To multiply by any one of the numbers from 11 
to 19 the following process is recommended : — 
^QKAo^ mentally thus : seven 3's, 21 ; 

^ carry 3, seven 5's, 38 and 4 = 42 

carry 4, seven 6's, 46 and 6 = 51 
carry 5, seven 7's, 54 and 6 = 60 
6 and 7 = 13. 

The black figure added is the * 10 times," being the top figure to the 
right of the one multiplied 
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31. The method of Art. 23 may be used with advan- 
tage in examples like the following : — 

Hxample, Subtract 7 times 7664 /rom 56131. 

Process, 66131 ^ 

Mentally thus : seven 4's, 28 and 3 = 31 ; 

7654 carry 3, seven 6'8, 38 and 6 = 43 ; 

7 ' carry 4, seven 6*s, 46 and 6 = 61 ; 

carry 5, seven 7's, 54 and 2 = 66. 

{lUsuU) 2558 j 

The above process is the same as that of Art. 23, except that, since 
the numbers to be subtracted are seven repetitions of 7664, the multi- 
plication table is used to abbreviate the addition. 



EXAMPLES. VIIL 

Find the continued products : — 
1. 43x5x3. 2. 111x7x11. 

4. 51x9x9x2. 6. 37x8x5x3. 



3. 437x3x5. 
6. 99x9x8x7. 



Perform the following multiplications, using factors not greater 
than 12 :— 



7. 


479 X 24. 


8. 


3684 X 16. 


10. 


3010 X 27. 


11. 


79 X 35. 


13. 


462 X 324. 


14. 


4123 X 144 


16. 


967 X 54. 


17. 


6012x63. 


19. 


6001 X 240. 


20. 


7012 X 550 


22. 


405 X 275. 


23. 


4081 X 288. 



9. 
12. 
16. 
18. 
21. 



891 X 15. 
891 X 108. 
495 X 81. 
5210 X 210. 
223 X 1000. 



Use the method of Art. 30 in the following :- 
26. 45719x13. 26. 34712x13. 

28. 775566x15. 29. 3714251x16. 

31. 444671x18. 32. 1701958x19. 

Simplify t^.e following by the method of Art. 31 : — 



24. 3978x729. 

2Y. 894103x14. 

30. 8479123x17. 

33. 664789x16. 



34. 400 -(4x97). 

36. 8654 -(3x2171). 

38. 10507 + (4x2401). 

40. 100000 -(2x3657). 

42. 43012 -(8467x4). 

44. 81810 -(365x12). 

46. 730040 -(236421x3). 



36. 843 -(6x131). 

37. 5140 + (8xl493). 
39. 4372 + (9x7654). 
41. 119999 -(7777x7). 
43. 41201 -(765x5). 

46. 41592 -(365x11). 

47. 2823012 -(468205x6). 
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Division. 



32. The meaning of the word 'divide' may be ex- 
plained thus : — To diyide a given number, say 441, by a 
given number, say 23, we take 441 counters and subtract 
from them 23 counters, then subtract 23 counters from the 
remainder, and so on, until the remainder is less than 23 
counters. 

The number of times the subtraction is performed is 
called the quotient; the number of counters left, after 
the last subtraction, is called the remainder. 

DEF. The number divided is called the dividend. 

The number by which it is divided is called the divisor. 

It will be found that 23 counters can be subtracted from 441 
counters 19 times, and that then the remainder is 4 counters. Hence 
when 441 is divided by 23, 441 is the dividend, 23 is the divisor, the 
quotient is 19, and the remainder is 4. 

Division is a method of finding the quotient and 
remainder when one given number is to be divided by 
another. The sign of division is -r-. 

Thus 441-7-23 is an abbreviation for 441 'divided by* 23. 

33. The quotient in the process of division may be 
regarded in either of tWO ways. 

I. It answers the question : If 441 counters are 
divided into 23 equal groups, how many counters will each 
group contain ? {Result^ 19 counters and 4 counters remainder.) 

II. It also answers the question: If 441 counters are 
divided into groups of 23 counters each, how many groups 
will there be ? (Eeault^ 19 groups and 4 counters remainder.) 

Example (i). 441 apples are divided equally among 23 boys ; how 
many does each boy get ? (Res. 19 aj)ples each, 4 apples remainder.) 

Example (ii). 441 apples are divided so that each boy gets 23 
apples ; how many boys get a share ? {Result, 19 boys, 4 applet 
remainder.) 

34. It follows from the definition that 

divisor x quotient + remainder = dividend. [Art. 27.) 
Also that the divisor and quotient are interchangeable. 
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Division may also be explained as the reverse of Multi- 
plication; thus, 

DEF. When there is no remainder the quotient is the 
number whose product by the divisor is the dividend. 

35. The division of numbers less than 100 by numbers 
less than 10 is effected by means of the known results of 
the Multiplication Table (Art. 26). 

Example. Divide 53 hy 6. 

It is known that 8x6 = 48, and that 9x6 = 54; therefore 53-^6 
gives 8 as quotient and 5 remainder. 

The division of numbers greater than 100 may be ex- 
plained by examples as follows : — 

Example (i). Divide 4976 hy 8. - 

Hero, 4976 counters are to be arranged in 8 equal grouns. The 
highest power of ten is thousand, and there are 4 of them. Since 4 is 
less than 8 we pass on to the next lower power of ten, viz. hundred. 
There are 49 hundrels. 49-i-8 gives quotient 6 and remninder 1. 
That is, 49 hundreds of counters may be aiTanged in 8 groups of 
6 huTidred each, le'iving 1 liundred counters remainder. 

This 1 hundred, with tlie 7 tens, make 17 tens to be divided by 8, 
giving quotient 20 and remainder 1 ten. This 1 ten with the 6 gives 
16 ; which divided by 8 gives quotient 2. 

Thus 4976 counters may be arranged in 8 equal groups, each con- 
taining 600 -f- 20 + 2, or 622 counters. 

The wliole process 

is abbreviated thus : -! , . , -^r^^r . , ^ 

I quotient 622, remainder 0. 



EXAMPLES. IX. 

Divide — 

1. 36 by 6. 2. 48 by 4. 3. 108 by 9. 4. 81 by 3. 

6. 144 by 6. 6. 125 by 5. 7. 1000 by 4. 8. 1200 by 8. 

9. 153 by 9. 10. 471 by 3. 11. 132 by 11. 12. 240 by 12. 

13. 47000 by 6. 14. 381111 by 7. 15. 4123456 by 9. 

16. 7000000 by 8. 17. 48120125 by 9. 18. 46700137 by 30. 

19. 841267 by 90. 20. 4632195 by 100. 21. 4725111 by 1000. 

22. 45678 by 500. 23. 1234567 by 90. 24. 147000 by 8000.. 
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Example (ii). Divide 695667 by 137. 

Here, 695667 counters are to be arranged in 137 equal croups. The 
highest power of ten, of which there are more than 137, is thousand ; 
there are 695 thousands. 695-T-137 gives quotient 5 and remainder 10 ; 
that is, 695 thousand counters may be arranged in 137 groups con- 
taining 5000 counters each, leaving 10000 counters remainder. These 
10000 with the 6 hundred in the dividend make 106 hundreds ; 
106-T-137 gives no quotient, and we proceed to the next lower power 
of ten. The 106 hundred = 1060 tens, which, with the 6 tens in the 
dividend, make 1066 tens ; 1066-7-137 gives 7 as quotient and 107 as 
remainder ; and so on. Process 

137)695667(5000 V i 137)695667(5077 

685000 J . I 685 

"10660(70 f °r» ^v.™'"!"^ 1*^® ) ""1066 

ggQQ^ \ s when the place / — 



ior, 
O's 
WPin / of each digit is \ -~^ 

^TS^ \ evident, \ ^T. 



959 1 ' f _969 

\\^{rein4iiiider)) \ 1\% {remaiiider). 

Thus, 695667 counters can be arranged in 137 equal groups of 6077 
counters each, and there are 118 counters over. 

36. The multiplication and subtraction in the above 
process may be combined * as in Art. 31. 
Example. Divide 561310123 by 7654. 
Process 7654 )561310 123 (73335 (Quotient). 

25530 
25681 
27192 
42303 
4033 {remainder). 
First, under the dividend and from the left we draw a line just as 
far as is necessary to include digits expressing a number greater than 
the divisor. In this case, we draw a line under 56131. Next, we 
consider what is the first figure in the quotient ; in this case it is 7 
(representing 70000). Then we say, mentally^ 
seven 4's, 28 and 3 = 31, carry 3 ; seven 5's, 38 and 6 = 43, carry 4 ; 
seven 6's, 46 and 6 = 61, carry 6 ; seven 7's, 54 and 2 = 66. [Art. 31.] 
Thus 2553 added to seven times 7654 makes up 56131. 
We take down the next digit in the dividend, and repeat the pro- 
cess for the next digit in the quotient. 

* This method of abbreviation when rightly understood diminishes the 
mental exertion by at least one-fourth ; the reason being that the complete 
calculation of the separate products of the divisor (7654) by each digit (7, 
8, 3, etc.) in the quotient is not required. 
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Divide— 








1. 4731 by 81. 


2. 


1000 by 51. 


3. 4000 by 23. 


4. 1111 by 83. 


5. 


8975 by 37. 


6. 7631 by 61. 


7. 41378 by 64. 


8. 


56555 by 86. 


9. 45678 by 78. 


10. 379401 by 77. 


11. 


567890 by 69. 


12. 445500 by 97. 


13. 100010 by 73. 


14. 


501030 by 87. 


15. 479302 by 49. 


16. 478919 by 59. 


17. 


321098 by 99. 


18. 123409 by 89. 


19. 8430 by 131. 


20. 


9012 by 173. 


21. 3705 by 237. 


22. 45678 by 157. 


23. 


89012 by 279. 


24. 34567 by 371. 


25. 36870 by 453. 


26. 


12012 by 571. 


27. 97901 by 693. 


28. 98765 by 782. 


29. 


90123 by 671. 


30. 90000 by 457. 


31. 79083 by 997. 


32. 


88771 by 773. 


33. 89999 by 679. 


34. 60907 by 837. 


35. 


97901 by 557. 


36. 69103 by 973. 


37. 865432 by 2171. 




38. 796121 by 3331. 


39. 600000 by 1085. 




40. 888888 


by 2133. 


41. 100000 by 3657. 




42. 1000000 by 2401. 


43. 4763210 by 4913. 




44. 866555 


by 5843. 


45. 7663210 by 7613. 




46. 8795412 by 3762. 


47. 4967123 by 1061. 




48. 999999 


by 7777. 


49. 7663210 by 7612. 




50. 36942536 by 4204. 


51. 57300652 by 5129. 




52. 629348206 by 52312. 


53. 730500429 by 61073. 


54. 7300400029 by 236421. 


55. 8230124037 by 463205. 


56. 12346678901 by 456789. 



57. A garrison had a million rations, how many days will these last 
12500 soldiers ? 

58. 18144 eggs are to be packed in boxes, each holding 144 eggs ; 
how many boxes are required ? 

59. What is the smallest number which subtracted from 47630 will 
make the result divisible by 871 without remainder? 

60. What is the smallest number which added to 10,000 will make 
the result exactly divisible by 888 ? 

61. What number besides 137 will exactly divide 11371 ? 

62. I subtract 1061 from 4967123, then subtract 1061 from the 
result, and so on ; how often can I do this ? 
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37. Division by factors. The result of dividing a 
number by the product of two or more factors, is the same 
as the result of dividing the number first by one of the 
factors, then dividing the quotient by another factor, and 
so on, till all the factors have been used. [See Art. 29.] 

Divide 17472 by 48. 

Since 48 = 8 x 6, we see that if 17472 coun- 

J ters be divided into groups of 8 counters each, 

and then into sets of groups each containing 



Process, 



8)17472 
6)2184 
{Quotient) 364 



6 groups, the sets will each contain 48 coun- 
ters. That is, the number of the sets will be 



the result of dividing by 48. 
38. The remainder, when one exists, is found thus ; 



Divide 4793 by 48. 
8)4793 counters 
6 )599 groups of 8 counters + 1 counter (remainder), 

99 sets of 48 counters + 5 groups of 8 counters (remainder). 

Process, 8 )4793 

6)599, rem. 1\ ^ « ^ ., / . , x 

(Quotie7Ur99, rem. sj ^^- = 5x8 + 1 = 41 (remainder). 



EXAMPLES. XI. 

In the following examples, use factors not greater than 12 : — 



1. 33008^16. 


2. 


12300-i-25. 


8. 


5439-^49. 


4. 12771-T-27. 


6. 


25830-7-35. 


6. 


34104-7-56. 


7. 452160-4-64. 


8. 


388575-7-55. 


9. 


2953216-7-128. 


10. 12150-T-450. 


11. 


443520-^840. 


12. 


1554768^216. 


Find the quotient 


and remainder, as in Art. 


38,- 




13. 159990^144. 


14. 


33788-7-168. 


15. 


58420-7-136. 


16. 49102-J-81. 


17. 


687310^132. 


18. 


47631^144. 


19. 876312-J-240. 


20. 


76543-i-108. 


21. 


43210-=- 99. 


22. 46100-^49. 


23. 


lOOOOO.T-168. 


24. 


63844-7-135. 


26. 135791-4-125. 


26. 


479102-M65. 


27. 


975319^616. 


28. 34567-7-847. 


29. 


109723-J-729. 


30. 


469750-7-256. 


31. 97496-7-343. 


32. 


40975-^875. 


33. 


818191 -=-462. 


34. 703707-7-315. 


35. 


45678-7-1728. 


36. 


98765-7-1331. 
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♦MISCELLANEOUS EXAMPLES. XIL 

1. What number must be added to 1368 to make 3145 ? 

2. What number subtracted from 7000 leaves 4512 ? 

3. What number multiplied by 85 will produce 7905 ? 

4. What number must be divided by 63 that the quotient may 
be 99? 

5. If the divisor is 84 and the quotient 111, what is the 
dividend ? 

6. If the quotient is 101, the divisor 86, and the remainder 27, 
what is the dividend ? 

7. If the dividend is 441, the remainder 4, and the quotient 23, 
what is the divisor ? 

8. How many times can 461 be subtracted from 57820 ? and what 
is the remainder ? 

9. What is the least number which must be subtracted from 4762 
that the remainder may be exactly divisible by 93 ? 

10. Find the least number which added to 6760 will make the sum 
exactly divisible by 101. 

11. The sum of three numbers is 4761 ; the first is 1792, the second 
is 367 less than the first ; what is the third ? 

12. A war-ship ha* provisions for 645 men for 80 days. How long 
would they last one man ? 

13.. A farmer sold 32 sheep at $15 a head and 9 cows for $55 a head ; 
how much more did the cows cost than the sheep ? 

14. What is the value of 1267 acres of land at $255 an acre ? 

15. A man having 75 lambs sold 50 of them at $8 apiece and the 
rest at $9 apiece ; how many dollars did he get for them all ? 

16. A farmer sent 12 loads of wheat to market, each load contained 
12 sacks and each sack 3 bushels, and each bushel sold for $5 ; how 
many dollars did they fetch ? 

17. A man owns 7 orchards, each containing 7 rows of trees, and 
each row containing 7 trees ; how many trees has he ? 

18. A farmer sold 6 cows at $125, 150 bushels of wheat at $10, and 
75 barrels of apples at $20, and laid out his money in land at $250 an 
acre ; how many acres did he buy ? 

19. How many sheep at $15 a head must be given for 37 cows at 
$105 each ? 
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20. A man bought two farms, one containing 175 acres at $140 per 
acre, and the other containing 320 acres at $185 per acre ; what was 
the cost of the two together ? 

21. A man receives $1500 a year salary, and pays $455 a year for 
board, $345 a year for clothing, $185 a year for books, and $235 a year 
for other expenses ; what can he save in 5 years ? 

22. There are in the United States 1,922,890,880 acres of land, and of 
this in 1850 there were 1,449,075 farms each containing, on an average, 
203 acres ; how many acres were left uncultivated ? 

23. Each of the 1,449,075 farms in question 22 was valued at 
$2258, and upon each farm the implements were valued at $105 ; how 
many dollars were all the farms and implements worth t»ken to- 
gether ? 

24. A man bought 127 cows at $17 each, and 97 at $23 each, and 
sold the whole at $21 each ; how many dollars did he gain or 
lose? 

26. The earnings of a man and his two sons amount to $18300 a 
year, and their expenses to $7950 ; if the balance be divided equally 
what will each receive ? 

26. How many pounds of sugar at 8 cents a pound nrast be given 
for 488 lbs. of coffee at 22 cents a pound ? 

27. A farmer gave 40 loads of hay for 120 tons of coal worth $5 per 
ton ; what did he get for a load of hay ? 

28. A man bought 96 apples at the rate of 4 for 6 cents, and ex- 
changed them for pears at 8 cents apiece ; how many pears did he 
receive ? 

29. A number of cows at $190 each and twice thd same number of 
sheep at $25 each are sold fbr $24000 ; find the number. 

30. Find the value of 20 .dozen of -wine at $3 per bottle ; and if 8 
bottles are spoiled, what will be gained by selling the remainder at $4 

• per bottle ? 

31. A father left his eldest son $5000 more than his second son ; 
and he left his second son $3000 more than his third ; his property 
was $20000 ; what did each son receive ? 

32. A man buys 2800 fives-balls at the rate of 28 for $1, and sells 
them at the rate of 48 for $3 ; how many dollars did he gain ? 

33. A man living at the rate of $3500 a year for 6 years finds that 
he is exceeding his income, and reduces his expenditure to $2500 a 
year ; at the end of 4 years he finds that he is just out of debt ; 
what is his income 1 
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34. In a game of cricket A, B, and C together score 197 runs, 
B and C together score 90 runs, and A and C together score 120 runs ; 
find the number of runs scored by each. 

35. A grocer wishes to put 240 pounds of tea into three kinds of 
boxes, containing respectively 5, 10, and 15 pounds, and wishes to 
use the same number of boxes of each size ; now many boxes will be 
required ? 

36. A man sold a number of chests of tea for $2800 which cost 
him $2100, gaining thereby $10 per chest ; what did each chest cost 
him? 

37. Divide 900 dollars among three persons so that for every three 
dollars given to the first, the second may get 5 dollars and the 4;hird 
7 dollars. 

38. Prove that if we multiply a number by 4 and divide the result 
by 100, we obtain the result of dividing by 25. 

39. Prove that if we multiply a number by 8 and divide the result 
by 1000, we obtain the result of dividing by 126. 

40. By what number must we divide a given number to obtain the 
same result as when the given number is multiplied by 2 and divided 
by 70? 

41. Prove that if we multiply a given number by 4 and divide 
the result by 900, we obtain the result of dividing the given number 
by 225. 

42. Prove that if we multiply a given number by 100 and divide 
the product by 4, we obtain the product of the given number by 25. 

43. Prove that if we multiply a given number by 1000 and divide 
the product by 8, we obtain the result of multiplying by 125. 

44. Prove that if we multiply a given number by 12, the product 
bv 1200 and the last product by 1200 and add the three results, we 
obtain the result of multiplying by 17294412. 

46. Obtain the product of 412345 by 729819 by three lines of 
multiplication. 

46. Obtain the product of 123123 by 125256 by three lines of 
multiplication. * 

47. Prove that 13 times 11 = 11 times 18. 



CHAPTER n 

THE DECIMAL SYSTEM OF NUMERATION AND 

NOTATION (continued) 

39. Suppose the number of inches in the length of a 
given piece of wood to be required ; it is very unlikely that 
a whole number of inches will measure the length exactly, 

40. Suppose we wish to record as exactly as possible 
the length of a line and to express it in inches ; in such a 
case it is clearly necessary to have some method of con- 
veniently expressing any part of an inch we wish. 

41. Such a method is conveniently based on the number 

ten, because the new system then forms a continuous 

system with the already established decimal notation, as 

will presently appear. 

Note. — The student is advised to compare Arts. 1 to 18 with what 
foUows. 

42. The following DEFINITIONS are necessary to 
complete those of Art. 6. 

The number tenth, applied to the unit, indicates that 
quantity of which ten make up the unit 
Thus ten of (the tenth of the unit) = the unit. 

The number hundredth, applied to the unit, indi- 
cates that quantity of which ten make up the tenth of 
the unit. 

The number thousandth, applied to the unit, indi- 
cates that quantity of which ten make up the hundredth 
of the unit, 
and there are in succession 
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34. In a game of cricket A, By and C together score 197 runs, 
B and C together score 90 runs, and A and C together score 120 runs ; 
find the number of runs scored by each. 

36. A gi'ocer wishes to put 240 pounds of tea into three kinds of 
boxes, containing respectively 5, 10, and 16 pounds, and wishes to 
use the same number of boxes of each size ; now many boxes will be 
required ? 

36. A man sold a number of chests of tea for $2800 which cost 
him $2100, gaining thereby $10 per chest ; what did each chest cost 
him? 

37. Divide 900 dollars among three persons so that for every three 
dollars given to the first, the second may get 5 dollars and the 4;hird 
7 dollars. 

38. Prove that if we multiply a number by 4 and divide the result 
by 100, we obtain the result of dividing by 25. 

39. Prove that if we multiply a number by 8 and divide the result 
by 1000, we obtain the result of dividing by 125. 

40. By what number must we divide a given number to obtain the 
same result as when the given number is multiplied by 2 and divided 
by 70? 

41. Prove that if we multiply a given number by 4 and divide 
the result by 900, we obtain the result of dividing the given number 
by 225. 

42. Prove that if we multiply a given number by 100 and divide 
the product by 4, we obtain the product of the given number by 25. 

43. Prove that if we multiply a given number by 1000 and divide 
the product by 8, we obtain the result of multiplying by 125. 

44. Prove that if we multiply a given number by 12, the product 
by 1200 and the last product by 1200 and add the three results, we 
obtain the result of multiplying by 17294412. 

45. Obtain the product of 412345 by 729819 by three lines of 
multiplication. 

46. Obtain the product of 123123 by 125255 by three lines of 
multiplication. 4. 

47. Prove that 13 times 11 = 11 times 13. 



CHAPTER n 

THE DECIMAL SYSTEM OP NUMERATION AND 

NOTATION {continued) 

39. Suppose the number of inches in the length of a 
given piece of wood to be required ; it is very unlikely that 
a whole number of inches will measure the length exactly, 

40. Suppose we wish to record as exactly as possible 
the length of a line and to express it in inches ; in such a 
case it is clearly necessary to have some method of con- 
veniently expressing any part of an inch we wish. 

41. Such a method is conveniently based on the number 
ten, because the new system then forms a continuous 
system with the already established decimal notation, as 
will presently appear. 

Note. — The student is advised to cx)mpare Arts. 1 to 18 with what 
follows. 

42. The following DEFINITIONS are necessary to 
complete those of Art. 6. 

The number tenth, applied to the unit, indicates that 
quantity of which ten make up the unit 
Thus ten of (the tenth of the unit) = the unit. 

The number hundredth, applied to the unit, indi- 
cates that quantity of which ten make up the tenth of 
the unit. 

The number thousandth, applied to the unit, indi- 
cates that quantity of which ten make up the hundredth 
of the unit, 
and there are in succession 
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34. In a game of cricket A, B, and C together score 197 runs, 
B and C together score 90 runs, and A and C together score 120 runs ; 
find the number of runs scored by each. 

36. A grocer wishes to put 240 pounds of tea into three kinds of 
boxes, containing respectively 5, 10, and 15 pounds, and wishes to 
use the same number of boxes of each size ; how many boxes >vill be 
required ? 

36. A man sold a number of chests of tea for $2800 which cost 
him $2100, gaining thereby $10 per chest ; what did each chest cost 
him? 

37. Divide 900 dollars among three persons so that for every three 
dollars given to the first, the second may get 5 dollars and the 4;hird 
7 dollars. 

38. Prove that if we multiply a number by 4 and divide the result 
by 100, we obtain the result of dividing by 25. 

39. Prove that if we multiply a number by 8 and divide the result 
by 1000, we obtain the result of dividing by 125. 

40. By what number must we divide a given number to obtain the 
same result as when the given number is multiplied by 2 and divided 
by 70? 

41. Prove that if we multiply a given number by 4 and divide 
the result by 900, we obtain the result of dividing the given number 
by 225. 

42. Prove that if we multiply a given number by 100 and divide 
the product by 4, we obtain the product of the given number by 25. 

43. Prove that if we multiply a given number by 1000 and divide 
the product by 8, we obtain the result of multiplying by 125. 

44. Prove that if we multiply a given number by 12, the product 
by 1200 and the last product by 1200 and add the three results, we 
obtain the result of multiplying by 17294412. 

45. Obtain the product of 412345 by 729819 by three lines of 
multiplication. 

46. Obtain the product of 123123 by 125255 by three lines of 
multiplication. <■ 

47. Prove that 13 times 11 = 11 times 13. 



CHAPTER n 

THE DECIMAL SYSTEM OP NUMERATION AND 

NOTATION (contimied) 

39. Suppose the number of inches in the length of a 
given piece of wood to be required ; it is very unlikely that 
a whole number of inches will measure the length exactly, 

40. Suppose we wish to record as exactly as possible 
the length of a line and to express it in inches ; in such a 
case it is clearly necessary to have some method of con- 
veniently expressing any part of an inch we wish. 

41. Such a method is conveniently based on the number 
ten, because the new system then forms a continuous 
system with the already established decimal notation, as 
will presently appear. 

Note. — The student is advised to compare Arts. 1 to 13 with what 
follows. 

42. The following DEFINITIONS are necessary to 
complete those of Art. 6. 

The number tenth, applied to the unit, indicates that 
quantity of which ten make up the unit 

Thus ten of (the tenth of the unit) = the unit. 

The number hundredth, applied to the unit, indi- 
cates that quantity of which ten make up the tenth of 
the unit. 

The number thousandth, applied to the unit, indi- 
cates that quantity of which ten make up the hundredth 
of the unit, 
and there are in succession 
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34. In a game of cricket A, B, and C together score 197 runs, 
B and C together score 90 runs, and A and C together score 120 runs ; 
find the number of runs scored by each. 

36. A grocer wishes to put 240 pounds of tea into three kinds of 
boxes, containing respectively 5, 10, and 15 pounds, and wishes to 
use the same number of boxes of each size ; now many boxes will be 
required ? 

36. A man sold a number of chests of tea for $2800 which cost 
him $2100, gaining thereby $10 per chest ; what did each chest cost 
him? 

37. Divide 900 dollars among three persons so that for every three 
dollars given to the first, the second may get 5 dollars and the 4;hird 
7 dollars. 

38. Prove that if we multiply a number by 4 and divide the result 
by 100, we obtain the result of dividing by 25. 

39. Prove that if we multiply a number by 8 and divide the result 
by 1000, we obtain the result of dividing by 125. 

40. By what number must we divide a given number to obtain the 
same result as when the given number is multiplied by 2 and divided 
by 70? 

41. Prove that if we multiply a given number by 4 and divide 
the result by 900, we obtain the result of dividing the given number 
by 226. 

42. Prove that if we multiply a given number by 100 and divide 
the product by 4, we obtain the product of the given number by 25. 

43. Prove that if we multiply a given number by 1000 and divide 
the product by 8, we obtain the result of multiplying by 126. 

44. Prove that if we multiply a given number by 12, the product 
by 1200 and the last product by 1200 and add the three results, we 
obtain the result of multiplying by 17294412. 

46. Obtain the product of 412345 by 729819 by three lines of 
multiplication. 

46. Obtain the product of 123123 by 125265 by three lines of 
multiplication. *■ 

47. Prove that 13 times 11 = 11 times 13. 



CHAPTER n 

THE DECIMAL SYSTEM OP NUMERATION AND 

NOTATION (contimied) 

39. Suppose the number of inches in the length of a 
given piece of wood to be required ; it is very unlikely that 
a whole number of inches will measure the length exactly. 

40. Suppose we wish to record as exactly as possible 
the length of a line and to express it in inches ; in such a 
case it is clearly necessary to have some method of con- 
veniently expressing any part of an inch we wish. 

41. Such a method is conveniently based on the number 
ten, because the new system then forms a continuous 
system with the already established decimal notation, as 
will presently appear. 

Note. — The student is advised to compare Arts. 1 to 13 with what 
follows. 

42. The following DEFINITIONS are necessary to 
complete those of Art. 6. 

The number tenth, applied to the unit, indicates that 
quantity of which ten make up the unit 
Thus ten of (the tenth of the unit) = the unit. 

The number hundredth, applied to the unit, indi- 
cates that quantity of which ten make up the tenth of 
the unit. 

The number thousandth, applied to the unit, indi- 
cates that quantity of which ten make up the hundredth 
of the unit, 
and there are in succession 
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34. In a game of cricket A, B, and C together score 197 runs, 
B and C together score 90 runs, and A and C together score 120 runs ; 
find the number of runs scored by each. 

36. A grocer wishes to put 240 pounds of tea into three kinds of 
boxes, containing respectively 5, 10, and 15 pounds, and wishes to 
use the same number of boxes of each size ; how many boxes will be 
required ? 

36. A man sold a number of chests of tea for $2800 which cost 
him $2100, gaining thereby $10 per chest ; what did each chest cost 
him? 

37. Divide 900 dollars among three persons so that for every three 
dollars given to the first, the second may get 5 dollars and the 4;hird 
7 dollars. 

38. Prove that if we multiply a number by 4 and divide the result 
by 100, we obtain the result of dividing by 25. 

39. Prove that if we multiply a number by 8 and divide the result 
by 1000, we obtain the result of dividing by 125. 

40. By what number must we divide a given number to obtain the 
same result as when the given number is multiplied by 2 and divided 
by 70? 

41. Prove that if we multiply a given number by 4 and divide 
the result by 900, we obtain the result of dividing the given number 
by 225. 

42. Prove that if we multiply a given number by 100 and divide 
the product by 4, we obtain the product of the given number by 25. 

43. Prove that if we multiply a given number by 1000 and divide 
the product by 8, we obtain the result of multiplying by 125. 

44. Prove that if we multiply a given number by 12, the product 
by 1200 and the last product by 1200 and add the three results, we 
obtain the result of multiplying by 17294412. 

45. Obtain the product of 412345 by 729819 by three lines of 
multiplication. 

46. Obtain the product of 123123 by 125255 by three lines of 
multiplication. *• 

47. Prove that 13 times 11 = 11 times 13. 



CHAPTER II 

THE DECIMAL SYSTEM OF NUMERATION AND 

NOTATION {continued) 

39. Suppose the number of inches in the length of a 
given piece of wood to be required ; it is very unlikely that 
a whole number of inches will measure the length exactly, 

40. Suppose we wish to record as exactly as possible 
the length of a line and to express it in inches ; in such a 
case it is clearly necessary to have some method of con- 
veniently expressing any part of an inch we wish. 

41. Such a method is conveniently based on the number 

ten, because the new system then forms a continuous 

system with the already established decimal notation, as 

will presently appear. 

Note. — The student is advised to compare Arts. 1 to 13 with what 
follows. 

42. The following DEFINITIONS are necessary to 
complete those of Art. 6. 

The number tenth, applied to the unit, indicates that 
quantity of which ten make up the unit 
Thus ten of (the tenth of the unit) = the unit. 

The number hundredth, applied to the unit, indi- 
cates that quantity of which ten make up the tenth of 
the unit. 

The number thousandth, applied to the unit, indi- 
cates that quantity of which ten make up the hundredth 
of "the unit, 
and there are in succession 



32 DECIMAL NUMERATION (continued) CHAP. 

ten-thousandth ; "1 each of which numbers, ap- 



plied to the unit, indicates 
>- the tenth part of that which 
the preceding number indi- 
cates, 



hundred-thousandth ; 
millionth ; 
ten-millionth. 

and so on as in Art. 6. 

Tenth is called the first negative power of ten, 

hundredth second 

thousandth...... third 

and so on. 
a hundredth of the unit = a tenth of a tenth of the unit ; 
a thousandth of the unit = a tenth of a tenth of a tenth of the unit ; 
and so on. 

NOTE. — Tenths, hundredths, etc., are often used as 
abbreviations for * tenth -parts of the unit quantity,' 
* hundredth-parts of the unit,' etc. 

43. To explain a complete method of Numeration. 
That is, to show how any given quantity may he completely described 
as regards rruigniiude in terms of a given unit quarUity of the sam^ kind. 

Let the given quantity be the length of a given line ; 
and the given unit an inch. 

The length being given, it is known how many com- 
plete inches: it contains ; these can- be enumerated by Art. 7. 

Unless the given length contains this number of inches 
eicac%, therejnnst be 2i pourt of an inch, in the given length, 
in addition to the number of whole inches. 

Suppose, .for example the line contains thirty -nine inches + some 
part of an inch. 

To enumerate this part of an inch, we proceed as 
follows : — 

We first find what number of tenth parts of an inch 
this part' contains. 

The number will be less than ten, and the remaining 
portion of th^ line (if any) will be less than the tenth, 
part of an inch. 

Suppose we find that there is one tenth of an inch. 
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We next find what number of hundredth parts of an 
inch the new remaining part contains. 

The number will be less than ten, and the re- 
mainder (if any) will be less than the hundredth of 
an inch. 

Sup|K>se that there are three hundredths of an inch. 

And so on, until either there is no remainder, or the 
remainder is so small that it need not be recorded. 

Suppose that there are 9 tliousandths of an inch and, finally, 3 ten- 
thousandths of an inch. The given length is thus recorded as con- 
taining 39 inches, and 1 tenth part, 3 hundredth parts, 9 thousandth 
parts, and 3 ten thousandth parts of an inch. 

44. The method of notation adopted will be clear from 
the following diagram : — 
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3 9 13 9 3 

The number indicated is thirty -nine and one -tenth, 
three hundredth, nine thousandth, three ten-thousandth. 

Since in the above number the last digit on the right 
hand is not in the one-place, it is necessary to indicate 
quite clearly where the one-place is. 

The method (suggested in the diagram) of indicating 
the one-place by printing the digit in that place in deeper 
type — thus: 391393 — would be sufficiently clear when a 
number is printed, but would not be so clear when a 
number is written. 

The notation adopted universally is to put a point 
between the one-place and that of the tenth, thus 

391393. 

This point is called the decimal point 
D 
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EXAMPLES. XIII. 

Read and express in words the following numbers : — 

1. 1*5. 2. 36-75. 3. 100-001. 4. '0006. 

5. 1-1007. 6. 404-0404. 7. lOO'OOOl. 8. 5*00505. 

Express in figures : — 

9. One tenth four hundredths. 10. One millionth. 

11. Fifty, and one thousandth. 12. 9 ten-thousandths. 

18. Fifty-one, and one hundredth. 

14. Ten thousand, and one tliousandth. 

15. One hundred and fifty-four, four tenths and six thousandths. 

16. One thousand and seventy-nine, nine tenths six hundredths. 

17. Six million and twenty, one tenth nine hundredths. 

45. In a number expressed in the above notation, the 
digit in the ' one-place ' is multiplied by 1, that is, by * the 
zero power of ten.' [Art. 6.] 

Every other digit in the expression is understood to be 
multiplied by some power of ten, * positive ' or * negative,' 
according to its locaJity. 

Example, In the expression 4103-7506 the 3 indicates three ; the 
4 indicates 4 times a thousand ; the 6 indicates 6 times a ten-thou- 
sandth ; and so on. 

46. The student should notice the arrangement of the 
places of the powers Of ten in the diagram of Art. 44, 
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We may notice that the negative powers often are so called hecause 
they are represented in the notation of vulgar fractions, thus : — 

The zero power of ten==-. 



the 1st positive power = 10 



I 1st negative power =-rjr 



2nd 
Srd 



= 10x10 



2nd 



, „ =10x10x101 1 3rd 
and so on. 



10x10 
1 



and so on. 



"10x10x10 
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47. The continuity of this system of notation is most 
important. 

It will be observed, that the moving a digit from 
any place whatever to the next place on its left 
multiplies its value by 10. 

Also, that the moving a digit from any place 
whatever to the next place on its right divides its 
value by 10. 

Example i. *3=ten times '03. 

30- =ten times 3* 
Example ii. MvMiply 39-1393 by\0, 

EesuHy 391-393. 
Example iii. Divide 39 1393 by 10. 

Result, 3-91393. 
Example iv. A line which contains 

39-1393 inches may be expressed 
as containing 391 '393 tenths-of-an-inch, 
or as containing 3-91393 tens-of-inches, 
or as containing '0391393 thousands-of- inches, 

or as containing 39139 '3 thousandths-of-an-inch, 
and so on. 

EXAMPLES. XIV. 

1. Write down numbers which are ten times the following numbers 
respectively : — 

(i) 3. (ii) 30. (iii) '3. (iv) '003. 

(v) -016. (vi) 501. (vii) 1-3. , (viii) 000039. 

(ix) 31 042. (x) 400-01. (xi) 30*303. (xii) 410*02. 

2. Write down numbers which are a tenth of the above numbers 
respectively. 

3. Write down numbers which are a thousand times the above 
numbers respectively. 

4. Write down numbers which are a thousandth part of the above 
numbers respectively. 

5. How many hundredth parts of an inch are there in the follow- 
ing ?— 

(i) 20 in. (ii) 3*1 in. (iii) *0412 in. (iv) *00016in. 

6. How many thousand-inches are there in the followijfig? — 

(i) 4312-1 in. (ii) 1*012 in. (iii) 34*12 tens-of-inches. 

(iv) 50000 tenths-of-an-inch. (v) 5*0125 millions-of-inches. 

7. How many tens-of-inches are there in the following ? — 

(i) 4510 in. (ii) 37*56 in. (iii) 467*5 tenths-of-an-inch. 
(iv) 456*25 thousands-of-inches. (v) 567*5 thousandths-of-an-inch. 
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Addition of Decimals. 

48. The process of Addition, explained in Art 17, 
applies to any numbers, whole or fractional, expressed in 
the Decimal notation ; the process only requires, that the 
moving a digit one place to the left shall imply a tenfold 
increase in its value. [Art. 47.] 

Example. AM together 49-375, 1001-25, 407*7125. 
Process, 49 376 \ 

1001 '25 I The different powers of ten are placed in tlie 
407-7125 Isame vertical line, and the addition is per- 

I formed as on page 11. 

Result, 1458-3375 / 

EXAMPLES. XV. 

Add together — 

1. 3-406, 45-372, 300, 47561. 2. 4*01, -003, 29, 1-2345. 

3. 44-04, 36.50, 41-2305, -000375. 4. '012, 321, 412, '00036. 

5. 671-75, -00003675, 4120, 8-125. 6. -00023, -00967, 00476. 

7. 376-15, 40000, 800*01725, '0125. 8. 39-102, -046, 471-2. 
9. 43-702,30102*5, •4612,5, 3 67003. 10. 8, 70-007, 3-295, -014. 

11. 4 -00102 + 370 -2 + 4 6003 + -007945. 

12. 376-01 + -4135 + 600795 + 365-141. 

13. 77171 in. +34601 in. +4-0106 in. + '05679 in. 

14. -00412 in. +3-7056 in. +64*035 in. +3794 in. 

49. Since the process of Addition is the same as before, 
it follows that the processes of Subtraction, or Multi- 
plication by whole numbers, and of Division by 
whole numbers, are the same. [Arts. 18, 24, 32.] 

For, subtraction asks a question which is answered by addition. 

Multiplication by a whole number is the repetition of addition a 
certain number of times. 

Division by a wliole number asks a question which is answered by 
multiplication. 

Example i. Subtract 4 12575/rom 21. 

Process 21 * ^ '^^^^ mental process is as fojlows :— 5 (hundred- 
' 4*12575 I t^'^^usandths) and 5 (hundred-thousandths) = 10 
Mhundred-thousandths) ; put down 5 (hundred- 
Result 16 •8742'' I ^^o^sandths and carry 1 (teu-thoiisandth), and 
* "^ y 80 on. 
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EXAMPLES. XVI. 

Subtract — 
1. 432*125 from 678-427. 2. 

3. 36*75 from 40*1. 4. 

5. 100*376 from 451*86975. 6. 

7. 3*07625 from 500*8. 8. 

9. -00061765 from *001. 10. 

Simplify — 

11. 300 - 25 -475 - '3625 - 1 -76. 

12. 4-835 - 2*00125 + 67*4375 - 39*80625. 

13. 4500 + 3*125 - 7*63475 - '0016875 - 1 *4005, 

14. 436*025 - (7*36125 + 36*0075 + -0001645). 

15. 3000 - (8*462 + 30*0126 - 5*71876). 

16. 300 + 20*471 - 8-6742 - 127*36. 

17. 5713 - 37*0706 - 3*47777. 

18. 1 *643 - -94361 - (30*243 - 30*20976). 

19. 3*14159 -*314159-*0314159. 

20. 7*1475 -6-2586 + 1*4321. 



412*865 from 608*125. 
4*38675 from 5. 
•000625 from 30. 
473-6 from 1000. 
*00384762 from -012345. 



Example a. Multiply 41 'S7 6 by S71. 
Process, 



41*376 
871* 



33100*8 
2896*32 
41*376 



Result, 36038*496 



41-876 
871- 



or, arranging 

the addition m 

' a different order, ^ 

see p. 20. 



41*376 
2896*32 
33100*8 



36038*496 



When any digit is multiplied by the 8, that is by 800, the resulting 
digit must be placed tvH) places to the left of its former place ; when 
any digit is multiplied by the 7, that is by 70, the resulting digit must 
be placed one place to the left of its former ; and so on. 

Note. — The multiplier 871 may be placed anywhere under the 
multiplicand. 

EXAMPLES. XVII. 

Multiply — 
1. 4*3125 by 6. 2. 36*4875 by 20. 

4. 463*125 by 1000. 5. *06175 by 8. 
7. 341275 by 32. 8. 46-0125 by 64. 

10. -01864 by 233. 11. '01375 by 415000. 



3. 36*5483 by 100. 

6. *001623 by 8. 

9. -001382 by 153. 

12. 40123 by 60108 



18. '0010101 by 1101010. 



14. 10-0267 by 301000. 
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DIVISION OF DECIMALS 



CHAF. 



Example iiL IHvide 41*375 by 8. 

Process, 8 )41-375 

Quotient 5171875 



Dividing as usual, when we 
come to the thousandths there 
is a remainder 7, i.e. 70 ten- 
thousandths ; so that the pro- 
cess can be continued to any 



number of decimal places, or until there is no remainder. 

Example iv. Divide 945*081 by 78300. 

We first divide 945*081 by 100 ; the quotient is 9*45081 ; and then 
divide 9*45081 by 783, as follows :— 



Process, 



783)9*46081(*01207 
783 ■^— 
1620 
1566 

5481 

5481 



or, by the method of Art. 36, 
783)9*45081 (*01207 QuotierU, 
1620 
5481 



[The inental process is similar to that of Art. 36. We draw a line 
under 945 hundredths ; so that the 1, the first digit* obtained for the 
quotient, indicates 1 hundredth j i.e. *01.] 

Division by factors, when possible [Art. 37], is the 
best process. 

Example v. Divide 10*0653 by 1680. 



Process, 



3 )1*00653 
7 )*33551 
8 )*04793 
Quotimt -00599125 



First divide by 10 and 
notice that 168 = 3 x 7 x 8. 



EXAMPLES. XVni. 



Divide — 

1. 3*175 by 2. 2. 41*325 by 8. 

4. 341 by 2. 6. 1410 by 8. 

T. 3670 by 16. 8. 1*69 by 13. 

10. *022015 by 350. 11. 457*71 by 240. 

13. *06227 by 3200. 14. *79434 by 225. 

16. *0009197byl360. 17. 49985 by 104. 

19. -06001 by 425. 20. *04009 by 1520. 

Divide, giving the quotient to the sixth negative power of ten, — 

22. 360*1 by 3. 23. 4*21 by 3. 24. 5*94 by 6. 

25. 13*75 by 12. 26. 40*125 by 21. 27. 4000 by 113. 

28. 100 by 9. 29. 41*362451 by 115. 30. *041326 by 101. 

* This first digit is always in the same place as the last digit on the 
right, of those used in the dividend in obtaining this first digit. 



3. *04321by80. 
6. 463 by 100. 

•00169 by 130. 

8-547 by 132. 

95*018 by 385. 

71-71 by 284. 

*001007 by 47500 



9. 
12. 
16. 
18. 
21. 
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50. To mtlltiply a number, say 41-376, by a decimal 
fraction, say 871*47, we must perform on 41*376 that 
operation which performed on one gives 871*47 as result 
[Art. 25.] 

Example. Multiply 41 '376 hy 871 -47. 

The process is similar to that of Ex. ii. p. 87. 



41-876 
871-47 



88100-8 
2896-32 
41-876 
16-5504 
2-89632 

36057-94272 



or, arranging 
the addition 
in a different 
order. 



41*876 
871*47 



2*89632 
16-5504 
41*376 
2896-32 
33100-8 

36057*94272 



To multiply by -4, we multiply by 4 in the ordinary way and move 
each digit one place to the rights that is, we divide the product by 10 ; 
for -4 = 4 tenths and the product of 41-376 by 4 is 10 times too great. 
So to multiply by "07, we multiply by 7, moving each digit two places 
to the right ; and so on * [see Art. 47]. [Of the two arrangements 
above the one on the left is preferable. See the chapter on Approxi- 
mation.] 



EXAMPLES. XIX. 

Multiply — 

1. 41-2 by 1-2. 2. 307*05 by 11*1. 

4. 8*0501 by *001. 5. *0128 by -0128. 

7. -000115 by *00082. 8. 46000 by •0001-23. 

10. 45-675 by -00128. 11. 8*6125 by '0512. 

18. -000625 by 12-8. 14. 6400 by -000125. 
16. -128 by *036125. 17. -000123 by *123. 

19. 1*21 X -121 X -0121. 20. 
22. 300 X -0081 X -21. 23. 



3. 59*04 by -002. 
6. 30-0065 by 30803. 
9. 4070-3 by 3-0105. 
12. 4225000 by -00512. 
15. -00064 by -125. 
18. -043 X -0048 X 43000. 
-0003 X -003 X -03. 21. 40*4 x 3 08 x -202. 
1000 X -0006 X 9. 24. 4-44 x -031 x 0001. 



* The process is the same as the multiplying 41876 by 87147; this 
product is in this case 1000 times 100 times too great ; the reqiiired 
result is therefore obtained by dividing 41376 x 87147 by 100000. Hence 
the usual RULE. To multiply two decimals, multiply the numbers 
as if there were no decimal point and in the product mark ofF as 
many decimal places as there are in the two decimals together. 
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51. To divide a number, say 3-762505, by a decimal 
fraction, say *0785, we must find a number which, when 
multiplied by '0785, gives 3762505 as product. [Art. 34.] 

Example, Divide 3762505 hy -0785. 

That is, find a number which when multiplied by 785 ten-thou- 
sandths, will give as product 3762505. 

Therefore we may multiply 37625(>5 by 10000 and divide the pro- 
duct by 785 ; that is, we may divide 37625 "05 by 785 ; thus 



Process, 



785)37625 -05 (47 -93 
3140 



6225 
5495 

7300 
7065 



or, by the method of Art. 
785 )3762 5-05 (47-93 
6225 



7300 
2355 



2355 

2355 

Hence the usual RULE. To divide by a decimal, multiply both 
divisor and dividend by that ])ower of ten which will make the 
divisor a whole number ; then divide the new dividend by this whole 
number. [N.B. — Divide by factors when possible, see Ex. v, p. 38.] 



EXAMPLES. 

2. 4-6126 by -004. 



XX. 



Divide — 
1. 3-461 by -02. 2. 4-6126 by -004. 3. 450 by '0012. 

4. 8-454 by 240000. 5. 3*625 by -001. 6. 41*5 by -0001. 

7. -3125 by 01. 8. '000079 by -00001. 9. 3-672 by '016. 

Divide, finding the quotient as far as the sixth decimal place, — 



10. 4-375 by 1-26. 11. '012345 by 1*001. 

13. 4000 by 401-02. 14. '003 by 32 5. 

16. 3-413682 by 49-1." 17. 411-0125 by 10-23. 

19. 456-8 by 3060-125. 20. '001 by -0000431. 

30 by -00000421. 23, 



22. 
25. 
28. 
31. 
34. 
37. 
40. 
43. 
46. 



15-i-6-25. 
40001^-0003. 
'000144 -j- -012. 
3-84006 -i- 1230. 
•00015129-r--0123. 
•8^-000125. 
'003624-i- -036125. 
5658-j- -00123. 



4444-4 by 36500. 
26. -0345^-543. 
29. 1234-5678-^-031. 
32. l'0665-^ -00136. 
85. 61'450824-hl02-01. 36. 
38. -18496-;- -0512. 39. 

41. '008-T-12-8. 42. 

44. 1953^*0031. 45. 

47. '11808-^-111. 48. 



40 by -03125. 
100 by -0006. 
•456789 by -0123. 
4-04 by -00071. 
156-25-^-25. 
4-116^-00075. 
-333333-^ 004. 
418-25-^-128. 
•37625-r 0785. 
216 -32-r- -00512. 
7-9507 -H -0043. 
216 -32-^ -4225. 
49440-i-'0131. 
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MISCELLANEOUS EXAMPLES. XXL 

1. Find the difference between the product and the quotient of 
3-125 by -64. 

2. Multiply 72*9 by itself in two lines. 

3. Multiply 4156371 by 216*728 in 3 lines. 

4. Multiply 845*21 by 12*1911, using only 3 lines of multipli- 
cation. 

5. Multiply -047321 by 1728*14412, using only 3 lines of multi- 
plication. 

6. How many times can -013 be subtracted from 125*78, and what 
is the remainder ? 

7. What must 1562*5 be divided by to give 6250000 a.s quotient ? 

8. Find the rent of 42*75 acres at $6.75 per acre. 

9. A roller 4*12 ft. in circumference makes 35*2 revolutions in 
passing from one end of a lawn to another ; what is the length of 
the lawn ? * 

10. A is *875 times as old as (7, and C is 1*08 times as old as ^ ; ^ 
is 25 ; how old is A ? 

11. A man gave his daughter $5.26, and to each of his two sons 
five times as much. How much did he give in all ? 

12. A man divides $15.78 evenly among his three children ; how 
much does each receive ? 

13. I buy 72 yards of carpet, for which I pay $1.25 a yard. How 
much does my carpet cost ? 

14. A workman earns $2. 50 a day ; how much does he earn in a 
week {i.e, in six working days) ? 

15. A boy's father gives him $1 a week ; the boy divides this into 
four equal parts ; one part he saves, one he gives away, two he spends. 
How much does he save in a year (i.e. in 52 weeks) ? how much does 
he spend ? and how much does he give away ? 

16. On Monday I receive $31, on Tuesday I spend $6.52, on Wed- 
nesday $3.27, on Thursday $1.16, on Friday $13.15, and on Saturday 
$3. How much have I leift ? 



CHAPTER in 

PRIME FACTORS 

52. It is often important to know what numbers, if 

any, will exactly divide a given number ; in other words, to 

know what are the factors of a given number [Art. 27.] 

[In the present chapter divide is used in the sense of 

exactly divide, that is divide without a remainder. \ 

Example, 143 is divisible by 11 and by 13 ; heuce 11 and 13 are 
factors of 143. 

In what follows, when we speak of factors^ the number 

one (which may be said to be a factor of every number) is 

excluded. 

53. DEF, A prime number is a number which has 
no factors (except itself and one), A prime is often used 
as an abbreviation for a prime number, 

2, 3, 5, 7, 11, 13, 17, 19, 23, etc., B,vepri7ne numbers. 
Every number which is not a prime number, is called a 
composite number. 

Example. 6, 8, 12 are composite nambers. 

For their factors are 2x3; 2x2x2; 2x2x3 respectively. 

Example. Is 433 a priTue or a composite number f 

That is : Is 433 divisible by any numher greater than 1 and less 
than 433 ? 

We obtain the answer to this question by trial. 

It is not necessary to try any but prime numbers ; for when a 
number is divisible by 6 it is divisible by 2, and also by 3. 

By dividing 433 by 2, 3, 5, 7, 11, 13, 17, 19 in succession we find 
that there is a remainder in each case. 

It is not necessary to try any higher number than 19 ; for the quotient 
in the division by 19 is less than 23 ; and therefore if 433 were divisible 
by 23 or by any number greater than 23, the quotient would be less 
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than 19, and 433 would be divisible by a number less than 19 ; which 
is not the case. 

Hence, 433 has no exact divisor, and is therefore tL prime. 

54. The prime factors of a composite number are the 
prime numbers whose product is that number. 

Ejnmple L 4 and 3 are factors of 12 ; so also is 6 ; for 4 x 3=12 and 
2 X 6 = 12 ; they are not the prime factors. 

The prime factors of 12 are 2, 2, 3 ; 
for 2 and 3 are each a prime, and 2 x 2 x 3=12. 

Example ii Is 473 a prima f If not, find Us prime factors. 

By trial we find that 473 is not divisible by 2, 3, 5, or 7 ; but that 
it is divisible by 11, the quotient being 43. By trial we find that 43 
is a prime. Hence the prime factors of 473 aro 11 and 48. 

55. A number can be expressed as the product of 
different sets of factors when the factors are not a// prime. 

Example. 12 is 2 x 6, or 3 x 4. Here 6 is not a prime, neither is 4. 
A number cannot be expressed as the product of 
different sets of factors which are all prime. 

This is a very important proposition ; its truth may easily be 
verified by trial in any particular case. 

Example i. 12 cannot be expressed as the product of any other 
prima factors except 2x2x3. 

Example ii. Find the prime factors of 4096. 
4095 is divisible by 5, 6)4095 

and by 3, 3 )819 

and by 3, 3 )273 

and by 7, 7)91 

and by 13, 13 

Therefore the prime factors of 4096 are 6x3x3x7x18. 

EXAMPLES. XXII. 

Find the prime factors of each of the following numbers : — 

1. 6. 2. 10. 3. 14. 4. 36. 

5. 9. 6. 8. 7. 12. 8. 24. 

9. 27. 10. 36. 11. 90. 12. 84. 

13. 100. 14. 121. 15. 144. 16. 182. 

17. 112. 18. 61. 19. 117. 20. 495. 

21. 1050. 22. 2520. 23. 6480. 24. 42600. 

26. 1760. 26. 3650. 27. 1017. 28. 8432. 

29. 3575. 30. 1690. 31. 114400. 82. 100100. 
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♦EXAMPLES. XXIII. 

Determine which of the following numbers are prime, and find the 
prime factors of those which are composite : — 



1. 


37. 


2. 


93. 


3. 


101. 


4. 


111. 


5. 


103. 


6. 


107. 


7. 


113. 


8. 


119. 


9. 


£07. 


10. 


227. 


11. 


239. 


12. 


349. 


13. 


299. 


14. 


169. 


16. 


269. 


16. 


469. 


17. 


499. 


18. 


603. 


19. 


507. 


20. 


509. 


21. 


2197. 


22. 


2327. 


23. 


4573. 


24. 


3029. 


25. 


619. 


26. 


4393. 


27. 


7111. 


28. 


7771. 


29. 


997. 


30. 


713. 


31. 


1363. 


32. 


9959. 


33. 


6539. 


84. 


1793. 


36. 


681. 



56. One number is said to be a multiple of another, 
when the first is some number of times the second. A 
multiple of a number is exactly divisible by that number. 

*57. The following principles are of great importance. 

The student must carefully bear in mind what is meant by division 
[Art. 31]. A number, say 630, is divisible exactly by another number, 
say 7, when 630 counters can be arranged in groups of 7. 

I. When each of two numbers is divisible by a third 
number, then the sum (and the difference) of the two 
numbers is also divisible by the third. 

For, the sum (and the difference) of two sets of counters, each set 
arranged in groups of 7, can also be arranged in groups of 7. 
Example. 7x6 + 7x5 = 7x11. 

n. When a number is exactly divisible by another 
number, then any multiple of the first number is also 
divisible by the second. 

For, any number of times a set of groups of 7 counters can also be 
arranged in groups of 7. Example, 3 times 42 is divisible by 7. 

III. When each of two numbers is divisible by a thiixi, 
then the sum (and the difference) of any multiple of the 
first and any multiple of the second is also divisible by the 
third number. 

For the two multiples are eaxih divisible by the number [by II.] ; 
therefore their sum is also divisible by the same number [by I.]. 
Example* (3 times 42 + 4 times 35) is divisible by 7. 
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*58. DEF. An even number is a number divisible by 
2. An odd number is not divisible by 2. 

*59. Every number whose last digit is divisible by 2 is 
itself divisible* by 2. 

For it consists of (some multiple of 10 + some multiple of 2), 
i.e. it is the sum of two numbers each divisible by 2 [Art. 57, I.] 

Every number whose last digit is divisible by 5 is itself 
divisible by 5. 

Bxa^nple. 75 is divisible by 5. 

For it consists of (some multiple of 10 + some multiple of 5). 

Every number whose last two digits represent a number 
divisible by 4 (or by any other factor of 100) is itself 
divisible by that factor. 

For it consists of (some multiple of 100 + some multiple of 4), 
i.e. it is the sum of two numbers each of which is divisible by 4 [Art. 
57, I.] Example. 532 is divisible by 4, since 32 is divisible by 4. 

Every number whose last three digits represent a number 
divisible by 8 (or by any other factor of 1000) is itself 
divisible by that factor. 

Example. 1160 is divisible by 8, since 160 is divisible by 8. 

*60. A number is divisible by 9 when the sum of its 
digits is divisible by 9, and not otherwise. 

For let the number be 875426. Then, since 
100000 - 1, or 99999, is divisible by 9, therefore 800000 - 8 is so too. 

10000-1, or 9999, 9, 70000-7 

1000-1, or 999, 9, 5000-5 

100-1, or 99, 9, 400-4 

10-1, or 9, 9, 20-2 

■ Hence by addition [Art. 57, I.] 875426 -(8 + 7 + 5 + 4 + 2 + 6) is 
divisible by 9. 

Hence, 875426 when divided by 9 gives the same remainder, as 
8 + 7 + 5 + 4 + 2 + 6 when divided by 9. 

Thus 8 + 7 + 5 + 4 + 2 + 6=32 = 3x9 + 5; therefore 875426 divided 
by 9 also gives remainder 5. 

In the same way it can be shown that the difference between any 
number and the sum of its digits, is always divisible by 9. 

Henc«, when the sum of the digits is divisible by 9, the number 
must be so too, and not otherwise [Art. 57, I.] 
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*61. Similarly it may be shown that a number is 
divisible by 3 when the sum of its digits is divisible by 3, 
and not otherwise. 

When the sum of the digits of an even number is divisible by 3, the 
number itself is divisible by 6. 

When the sum of the digits of a number is divisible by 3, and its 
last two digits are divisible by 4, the number itself is divisible by 12. 

*62. A number is divisible by 11 when the difference 

between the sum of its first, third, fifth, etc., digits and the 

sum of its second, fourth, sixth, etc., digits is divisible by 

11, and not otherwise. 

For we can prove that any number + the above -described difference 
is always divisible by 11. Take any number 875426. Then, since 

100000 + l,or 99990 4- 11, is divisible by 11, therefore 800000 + 8 is so too. 

10000-l,or 9999, 11, 70000-7 

1000 + l,or 990 + 11, 11, 6000 + 6 

100-l,or 99, 11, 400-4 

10 + l,or 11, 11, 20 + 2 

Hence by addition [Art. 67, I.] 875426 + 8-7 + 6-4 + 2-6 is 
divisible by 11. 

Hence, 875426 when divided by 11 gives the same remainder as 
7 + 4 + 6- (8 + 6 + 2) when divided by 11; that is, they both give 
remainder 2. 

♦EXAMPLES. XXIV. 

State which of the following numbers are divisible by 5, or by 4, or 
by 8, or by 9, or by 11. 

1. 7160. 2. 8190. 3. 745327. 4. 7776. 

5. 57145. 6. 123466. 7. 4,732,101. 8. 111,111,111. 

9. Prove that when a given number is divisible by 9, any other 
number expressed by the same digits is divisible by 9. 

10. What is the least number which added to 77893 will make the 
sum divisible (i) by 8, (ii) by 9, (iii) by 11 ? 

11. Prove that when the sum or the difference of two numbers is 
a multiple of a third number, and one of them is divisible by that 
number, the other is so too. 

12. When the sum of the digits of two numbers is divisible 
by 9, then if one of the numbers is divisible by 9, the other is so 
too. 
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Highest Common Factor. 

63. A Factor which exactly divides each of two or more 
numbers is called a Gominon Factor of those numbers. 

Example, 3 is a Qommon factor of 6, 12, and 18. 

The Highest Common Factor of two or more 
numbers is the highest number which exactly divides each 
of those numbers. The three letters H.G.F. stand for 
Highest Common Factor. 

Example, 6 is the H.C.F. of 6, 12, and 18. 

64. When numbers have been expressed as the product 
of their pHrrie factors, their H.C.F. can be obtained by 
inspection. 

Example, Find the H.c.r. of 36, 42, and 84. 

Process 36=2x2x3x3') 

42 = 2x3x7 Y H.c.r. is2x3, thatis, 6. 



84 = 2x2x3x 



:} 



The H.c.r. required is 6 ; for each number is divisible by 2 and 
also by 3, and there is no other prime factor common to all three. 

In finding the H.C.F. it is not necessary to find all the 
prime factors of more than one of the numbers. 

Example. Find the h.cf. of i095, 3003, and 1765. 

The prime factors of 4095 are 5x3x3x7x13; of these factors 
those which divide both 3003 and 1755 are 3 and 13 ; also 3x8 does 
not divide both ; therefore tjie required H.c.r. is 3x13. 

[It does not concern us what other factors 3003 and 1755 may 
have, since every factor of the h.c.f. must divide each of the given 
numbers.] 

EXAMPLES, XXV. 

Find, by the method of factors, the h.c.f. of the following : — 

1. 16 and 24. 2. 30 and 75. 3. 80 and 140. 

4. 80 and 112. 5. 81 and 108. 6. 66 and 121. 

7. 272 and 425. 8. 390 and 672. 9. 728 and 455. 

10. 15, 45, 225. 11. 13, 52, 91. 12. 34, 51, 85. 

13. 176, 1100, 4444. 14. 1680, 1920. 15. 192, 576, 1760. 

16. 182, 221, 299. 17. 808, 568, 1112. 18. 639, 873, 747. 

.19. 3090, 1515, 1065. 20. 868, 3164, 4228. 21. 1435,3535,7385 

22. 671, 781, 1441. 23. 455, 403, 481. 24. 833, 823, 3107. 
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66. By the following method the highest common factor 
of two numbers can always be found. 

Example. Find the h.c.f. o/2021 arid 6407. 

Divide 6407 by 2021 ; divide 2021 by the remainder ; divide this 
divisor by tlie new remainder ; and so on ; when there is no remainder 
the last divisor is the required h.c.f. Thus : 

2021)6407(3 



6063 



or, by the ( 5)2021 



6407( 3 

844(1 

43 



344)2021(5 f abbreviated I 7)301 

1720 \ method of ' '— 

301)344(1 / Art. 36, 

301 
43)301(7 
301 

Therefore the h.c.f. required is 43. 

66. The reason why the required factor is retained 
throughout the above process may be illustrated thus : 
2021 = 47 times 43 ; 6407 = 149 times 43. 
47 times 43)149 times 43(3 
141 times 43 
8 times 43)47 times 43(5 
40 times 43 

7 times 43)8 times 43(1 
7 times 43 

43)7 times 43(7 
7 times 43 
* The general proof is as follows : — . 

The remainder (in the process of dividing one number by another) 
= the larger number -some number of times of the smaller. Hence, 
by Art. 67, every factor common to the two numbers is a factor of the 
remainder ; also, every factor common to the remainder and the 
smaller number is a factor of the larger. 

That is, the common factors of the smaller number and the remainder 
(in the process of Arts. 65, 66) are the same as the common factors of 
the two given numbers. 

In other words, the h.c.f. of the smaller number and the remainder 
is the same as that of the two numbers. 

Proceeding in this way, it follows that the h.c.f. of any two 
remainders is the H. c. F. of the given numbere. 

The H.C.F. of the last two remainders is the last remainder. 
Therefore the h.c.f. of the given nuiubers is the last remainder* 
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EXAMPLES. XXVI- 

Find the h. c. r. of 

1. 169 and 299. 2. 391 and 629. 3. 437 and 1691. 

4. 841 and 1247. 5. 1219 and 667. 6. 2542 and 5487. 

7. 2809 and 6731. 8. 4738 and 8234. 9. 4559 and 7003. 

10. 15987, 30295. 11. 7319 and 9971. 12. 39455, 86556. 

13. 2949 and 1563. 14. 13618 and 38830. 

15. 15602 and 28797. 16. 23673 and 60203. 

17. 218707 and 526769. 18. 2698703 and 54987261. 

19. 45862, 29026, and 7153. 20. 720100, 913330, and 15409. 

67. Numbers are said to be prime tO each Other 
when they have no common factor. 

EXAMPLES. XXVII. 

Prove that the following are prime to each other respectively — 

1. 223 and 409. 2. 617 and 733. 3. 401 and 527. 

4. 2951 and 3317. 5. 4427 and 7219. 6. 1726 and 1623. 

Are the following prime to each other ? 

7. 3370 and 2703. 8. 4735 and 6017. 

9. 73030 and 29991. 10. 97990 and 814629. 

11. 88981 and 100091. 12. 72700 and 10901. 

13. What, is the largest sum of money which will divide both 
$71.61, and ^4.63 exactly ? 

* Note. — The process of Art. 65 may often be shortened by using 
the method of Art. 64 as far as possible. 

Example. Find the h.c.f. of 472700 arui 17516. We notice that 
these numbers are 25 x 4 x 4727 and 4 x 4379 ; then we find the h.c.f. 
of 4727 and 4379 by Art. 69 to be 29 ; hence the required h.c.f. is 
4 X 29 = 116. [The advanced student will observe that it follows from 
the proof on page 48, that this process may be applied to find the 
H.C.F. of any two remainders.] 

Lowest Common Multiple. 

68. A number has one set of prime factors and 
no more. [See Art. 55.] 

JExample. 35 has for its prime factors 5 and 7. It can easily be 
proved by trial that 36 is exactly divisible by no other prime. 

E 
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This proposition is very important. It asserts that 
nrhen we know the prime factors of a number we know all 
there is to know as to the divisors of a number. 

69. It follows from Art. 68 that a multiple of a given 

number must contain among its prime factors every prime 

factor of the given number. 

Example. Every multiple of 35 mast contain each of the factors 5 
and 7. 

Also, when a prime factor is repeated in the given 
number, it must be repeated as least as many times in the 
multiple. 

Example. No number can be a multiple of 72, that is, of 
2x2x2x3x3, which does not contain three factors 2 and tioo 
factors 3. 

70. DEF. The Lowest Common Multiple (the 
L.G.M.) of two or more numbers is the smallest number 
which is exactly divisible by each of those numbers. 

The L.C.M. must therefore contain all the different prime 
factors in the given numbers ; and if a pnme factor is 
repeated in any of them, it must be repeated in the L.O.M. 
as many times as it is repeated in that one of them in 
which it is most often repeated, and no more. 
Example (i). Find the l.c.m. of IS, 24, 27, 46. 

^""^ 24-1 X 2 X 2 X 3 ) Therefore the required 

ii~i i i > ^-C.M. is 2x2x2x3x3x3x5* 
27 = 3x3x3 ,..,.1080. 

45 = 3x3x5 ; — 
For the l.c.m. must contain the factors 2, 3, and 5 ; there must be 
three factors 2, since they occur in 24 ; there must be three factors 3, 
since they occur in 27. 1080 contains these factors, and no more, 
therefore it is the required l.c.m. 

The process may be arranged as follows : — 
2)18, 24, 27, 45 

Hence the 

L.C.M. =2 X 2x2x3x3x8x5 
= 10x12x9 
= 1080 

1, 1, 3, 5 ^ 

The index notation of Art. 201 will be found convenient. 



2)9, 


12, 


2/, 


45 


2)9. 


6, 


27, 


45 


3)9, 


3, 


27, 


45 


8) 3, 


1, 


9, 


15 
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[Here, after dividing by 2, the numbers not exactly divisible by 2 
are written in the same line with the quotients ; the process is repeated 
until only prime numbers are left. The l.c.m. is the product of all the 
divisors and of the primes in the last line.] 

With experience the work can often be shortened — 

(i) by erasing at any stage of the work a number which exactly 
divides one of the others. 

(ii) by dividing by a composite number ; in which case we must take 
care to divide out by any factor of the divisor which is a factor of any 
one of the numbers of the dividend. 

Example (ii). Find the L.C.M. of 15, 18, 20, 28, 45, 54. 
Process, l(i )\\, \% 20, 28, 45, 54 L.C.M. =10 x 14x27 

% 14, % 27 =420x9 =3780. 

[Notice (i) that 16, which divides 45, is erased (since any multiple 
of 45 must also be a multiple of 15) ; 18 which divides 54 is erased ; 
2 divides 14 ; 9 divides 27. 

(ii) that since 10 is 2 x 5, 28 is divided by 2, 45 by 5, 54 by 2. 



EXAMPLES. XXVIII. 

Find the L.O.M. of the following :— 

1. 12, 18, 20. 2. 16, 28, 84, 112. 

3. 15, 45, 125, 225. 4. 18, 27, 86, 42. 

5. 20, 22, 25, 80, 33. 6. 14, 18, 20, 21. 

7. 30, 82, 36, 40, 48. 8. 45, 50, 60, 63, 84. 

9. 8, 9, 10, 12, 18, 20. 10. 7, 8, 9, 10, 14, 15, 18. 

11. 6, 7, 8, 9, 10, 12, 14. 12. 8, 20, 28, 82, 56, 70. 

13. 5, 11, 22, 65, 110. 14. 11, 121, 132, 144. 

15. 26, 39, 169. 16. 22, 88, 132, 198. 

17. 21, 32, 44, 63. 18. 21, 22, 24, 26, 28, 30. 

19. 51, 187, 153, 166. 20. 3, 6, 9, 12, 15, 18, 20, 21. 

21. 7, 8, 9, 10, 11, 12, 18. 22. 30, 32, 34, 35, 36, 37, 42. 

23. The first 10 numbers. 24. The first 10 even numbers. 

71. When the factors of the numbers cannot be seen 
by inspection we must proceed as follows : — 

I. When there are two numbers — 
The Gommoil factors of the two can be found by Art. 
65 (since the product of the common factors is the H.C.F. 
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of the two numbers) ; the factors pectdiar to each can be 
found by dividing by their H.C.F. 

The required L.C.M. is the product of the factors peculiar 
to each and of the common factors. 

Example. Find the l.c.m. of2(i2\ and 6407. 

The H.C.F. by Art. 65 is 43. By division we find that 

2021 = 43 X 47, and that 6407 = 43 x 149. 
Hence the required l.c.m. is 43x47x149. 

IL When there are more than two numbers — 

The L.C.M. of three numbers is the product of the L.C.M. 

of two of the numbers by the factors peculiar to the third ; 

and so on. 

Example, Find the l.c.m. 0/^2021, 6407, and 3619. 
The L.C.M. of 2021 and 6407 is 43 x 47 x 149. 

By division we find that the h.c.f. of 43 x 47 x 149 and 3619 is 47 ; so 
that the factors peculiar to 3619, that is, to 47 x 77, are contained in 77. 
Hence the required l.c.m. is 43 x 47 x 149 x 77. 

♦EXAMPLES. XXIX. 

Find the l.c.m. of the following — 

1. 1955 and 2001. 2. 2041 and 8476. 

3. 2501 and 8661. 4. 7409 and 4619. 

5. 83390 and 74028. 6. 9997 and 7670. 

7. 1121, 2831, and 6821. 8. 3161, 36830, and .13514. 

9. 65270, 45445, and 5885. 10. 6241, 71416, and 12543. 

Find the h.c.f. and the l.c.m. of 
11. 4165 and 686. 12. 5325 and 8307. 

13. 471, 1256, and 3454. 14. 504, 5292, and 4560. 

*MISCBLLANEOUS EXAMPLES. XXX. 

1. Find the l.c.m. of the numbers from 20 to 30 inclusive. 

2. What is the smallest sum of money which can be paid either in 
£5 notes, or in £8 notes, or in £25 notes, or in £30 notes, using only 
notes of one value ? 

3. What is the least number which when divided by 8, by 9, by 10, 
and by 12 gives in each case remainder 5 ? 
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4. One man can walk 50 miles a day, a second 35, a third 32, a 
fourth 36 ; find the least distance which would occupy each of them a 
complete number of days. 

5. Four bells toll at intervals of 32, 35, 45, and 60 seconds respect- 
ively, if they all commence together after what interval will they again 
toll together ? 

6. Three meii are walking together in step, their strides measure 
respectively 27 in., 33 in., and 36 in.; how many inches must they 
walk together before they are again in step ? 

7. The circumference of the diiving wheel of an engine is 24 ft., that 
of the small wheel 10 ft., and that of a caniage wheel 9 ft. ; how 
many feet must the train tmvel from rest before the same point on 
each of the wheels is again in contact with the rails ? 

8. What is the largest number of men amongst whom 437 apples 
and 1691 oranges can be distributed so that every man gets as many 
apples and as many oranges as any other man ? 

9. Two cylinders measure 391 and 629 inches respectively in cir- 
cumference; find the shortest length of wire that can be wrapped 
round each an exact number of times. 

10. Three men run round a circular track 1980 yds. in circumfer- 
ence, the first runs 330 yds. a minute, the second 264 yds., and the 
third 198 ytls. ; if they start together how long will it be before they 
are together again ? 

11. The sum of the digits of each of two numbers having been 
divided by 9, the remainders are multiplied together and their product 
divided by 9 ; }»rove that the remainder in this last division is equal 
to the remainder in the division by 9 of the sum of the digits in the 
product of. the two original numbers. 

12. Find the quotient obtained by dividing the product of seven 
whole numbers next in order after 40 by the product of the first seven 
whole numbers. 

13. Prove that of any four consecutive numbers one is divisible by 
2, another by 4, and that one of them is divisible by 3. 

14. Prove that the product of any four consecutive numbers is 
divisible by 1 x 2 x 3 x 4. 

15. Prove that (23 x 24x25 x ... any number, say ?i, of factors 
- 22 X 23 X 24 X ... n factors) is divisible by n ; hence prove that the 
continued product of any n consecutive numbers is divisible by n. 

16. Five bells which commence tolling together, toll at intervals of 
1*2, 1*5, 1*75, 1*8, 2*1 seconds respectively; at what intervals will 
they toll together ? 

17. From a heap of shot weighing 54345 grains, a heap weighing 
12321 grains is taken ; show that a single shot cannot weigh more 
than 3 grains. 

18. Two masses of silver weighing 1379 oz. and 2401 oz. respect- 
ively are each to be made into coins of the same weight ; what is the 
weight of the largest possible coin ? 



CHAPTER IV 

FRACTIONS 

72. A whole number applied to the unit indicates a 
quantity composed solely of complete units. 

The numbers defined on pages 2 and 3 are whole numbers. 

DEF, A Fraction is a number which when applied 
to the unit indicates a quantity consisting of one or more 
equal parts of the unit. 

Example. Three-fourths is a fraction ; for three- fourths of the unit 
is a quantity which consists of three such equal parts as the unit 
contains /owr. 

73. The usual notation of Fractions is as follows : — 
The number of the equal parts into which the unit is 
divided is placed under a line, above which is placed the 
number of these parts taken to compose the quantity. 

Note. — The fraction ^ is read * three-tenths. ' 

A fraction expressed in this notation is called a 
Vulgar Fraction. 

Examples, f of a dollar contains three such equal parts of which 
four make one dollar. 

^q of a foot contains 5 such equal parts of which 12 make one foot, 
i.e. 5 inches. 

Note. — $^ is used as an abbreviation for ^^ of $1. 

The number above the line is called the numerator, 
the number below the line is called the denominator. 
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EXAMPLES. XXXI. 
How many cents are there in each of the foUowing : — 
1-S°^»- 2.~ofe4. 3.1of$2. 

4. j~ of $28. 5. ^ of $9. 6. J of $27. 

7. A of $6. 8. 2r0°^^- '-^^W- 

10. I of $10. 11. i of $20. 12. i of $16. 

13. ^ of $21. 14. ^ of $7. ^^'^""^ ^22- 

16. ^ of $12. 17. ~ of $9. 18. I of $91. 

74. When the numerator and the denominator of 
a firaction are each multiplied (or are each divided) 
by the same number the fraction is unaltered in 
value. 

On this proposition the whole theory of Vulgar Fractions depends. 
It may be proved as follows : — 

Let the unit be divided into a number, say 5, of equal paitts, of 
which some number, say 3, are taken to form the fraction of the unit. 

Now let each of these 5 equal parts be subdivided into a number, 
say 4, of smaller equal parts. 

There will be 20 in all of these smaller equal parts, and these 20 
make up the unit ; i.e, each of them is ^ of the unit. 

But one of the first equal parts = 4 of the smaller equal parts ; 

1 4 

that is, -= of the unit =97: of the unit ; 

and three of the first equal parts = 12 of the smaller equal parts ; 

3 12 

that is, ■= of the unit =nK^^ ^^® ^^^^' 

This is what is meant by the statement 
3_12 
5~20* 
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Example. Let the unit be the length of the line from ^ to ^ in 
the figure 

I I I I I ' I I 



A C D ja 

I I I I 

i of the line from A to B 

I _. I _ I _J _| I I I I I I I .. I 

i% of the line from A Ui B 

Jjet the line be divided into 5 equal parts at the points C, /), E, F, 
and let each of these parts be subdividetl into four equal parts as in 
tlie figure. Then, by the definition [Art. 73], 

1 4 

the line AC=^ of line AB, and AC also =^^of line AB. 
o 20 

Again 

3 12 

the line AE=-= of line AB, and AE also =7^;^ of line AB. 
5 20 

Therefore r=rj7^- 

5 20 

75. A fraction is said to be in its lowest terms when 
the numerator and denominator have no common factor. 

204 
Example i. Reduce —r^ to its lowest terms. 

By trial, or, by employing the tests of divisibility on pp. 46, 47, 
, 204 3 X 68 

^^^^^^ 2-28^3x76 

4x17^17 
~4xl9~19' 

Example ii. Simplify — r-^ . 

Testing for divisors of numerator and denominator, we have 
591 ^ 3x197 ^ 3 
2167~llxl97 11' 

Example iii. Rediux - . to its lowest terms. 

It is clear that 1690 and 2990 are each divisible by 10. Hence 
1690^169x10 169 
2990~299xl0~299' 
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Next, we find by Art. 65 that the h.c.f. of 169 and 299 is 13 ; then, 
dividing both numerator and denominator by 13, we have 



169 
299^ 



13 X 13 
23x13^ 



13 
23' 



Hence, 5^ is the value of xx^^ in its lowest terms. 



11. 



16. 



21. 



Express 

*" 66- 

333 
405* 

388 
404* 

156 
208* 

3944 

4812* 



EXAMPLES. 

in their lowest terms — 



169 
• 221* 

2103 



69 

875 
1125' 

852 
1164' 



12. 



17. ?^^ 

9999 

1991 



31. 



2253' 



22. 



27. 



32. 



13200* 

361 
437* 

4055 
4986' 



'• 425' 
350 



8. 



13. 



18. 



23. 



28. 



33. 



725' 

781 
1331* 

324 
1092* 

1670 
2105* 

527 
629* 

2651 

7271* 



XXXII 

500 
.3125* 

363 
616' 

3100 



14. 



19. 



24. 



29. 



10925* 

3861 
5094* 

2424 
2712* 

1209 
1599* 



34 ^™ 
'** 9910' 



6. 



10. 



16. 



132 
4158* 

1428 
1530* 

1144 
9900* 



«A 2640 
^®- 297D- 

-25. ??-^ 
438 



2755 
3515' 

6539 
12963* 



SO. 



36. 



76. A fraction whose numerator is equal to or greater 
than its denominator is called an improper fraction. A 
fraction whose numerator is less than its denominator is 
called a proper fraction. 

An improper fraction is equal either to a whole number, 
or to a whole number + a fraction. 



vf ,761 
Example. 3 = 3 + 3 = 



^24; 



for - of the unit =1 of the unit ; 



q C 

hence ^ = 1 > *"<! therefore ^ = 2. 
o 
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77. A number which consists of the sum of a whole 
number and a fraction is called a mixed ntunber. 

Example, (2 + }) » a mixed number. 

The Notation adopted must be noticed. 

(2 + J) is abbreviated thus, 2 J. 

21 
Example L Express -^ as a mixed number, 

^=j^ + ^=4 + i, that is, 4i. 

Hence an improper fraction may be expressed as a mixed number 
by dividing the numerator by the denominator ; thus 

^^ + remainder 1.} Hence. ^=4*. 
Example ii. Express 5^ a» an improper fraction. 



(5x9 4\ 
—r- + 5 j of a unit 

Process, 6^=- 



=^ of a unit ; hence, 
5x9f4 49 



9 9 

EXAMPLES. XXXIII 

E>q)ress as whole or mixed numbers— 



■•?• 


2 ?? 

''• 10- 


8.?* 


•• 12' 


6.??. 


365 
•• 30 • 


310 
^' 12* 


'• so- 


*• 31- 




"i- 


-^• 


ls "' 

18. ^. 


^*- 125- 


IB "° 
"• SO- 


... f . 


"S- 


18 ^**^ 
"• 70 • 


19.151* 
240- 


8000 
• 1760* 


Reduce tc 


> improper fractions — 






21. 3f 


23. 4|. 


23. 18^. 


24. 19A. 


25. IIH- 


26. lllf 


27. 12H. 


28. 21tJ,. 


a»-8nJW. 


80. lAVV 


81. 3^. 


82. 41|f. 


88. 50A. 


84. IIAV. 


8«. 31^. 



IV FRACTIONS 69 

78. A whole number can be expressed as a fraction 
with any given denominator. 

EommpU, Express 5 as a fraction with denominator 7. 

5_5x7_35 
^"l"lx7"7 * 

79. A given fraction can alwaj's be transformed to 
another fraction whose denominator is any multiple of the 
given denominator. 

Q 

Example, Eoqtress ^as a JradUm with den^ominators (1) 15, (ii) 20, 
(iii) 100, each number being a multiple of 5. 



3 3x3 9 
S'SxS^lS 

3 3x4 12 



Since 16-r-5 = 3, therefore 1=P4=Tk ^^^* 

* 5 5x3 15 



since 20-r 5 = 4, therefore ^ = ^ — j = ^rr 
' 5 5 X 4 20 



..(ii), 



since 100-^5=20, therefore |=|^=^ (iii). 



EXAMPLES. XXXIV. 

1. Express 5, 7, 21, 85 each as fractions with denominator 15. 

2. Express 11, 30, 51, 101 each with denominator (i) 11, (ii) 7. 

8. Express 12, 7 each with denominator (i) 7, (ii) 30, (iii) 100. 

4. Express 33, 10 each with denominator (i) 21, (ii) 59, (iii) 10. 

6. Express i and f each as a fraction with denominator (i) 18, 
(u) 27, (iii) 81, (iv) 54, (v) 900. 

6. Express f , f , f , ^, |^, ^ each with denominator 105. 

7. Can ■}, •^, f , ^, ^l each be expressed with denominator 63 ? 
Mention a denominator with which they can each be expressed. 

8. Express 5, f , •^, -^ each with denominator 30. 

9. What fractions with denominator 12 are equivalent to 3, 
iff H, H respectively ? 

10. Mention the least denominator which can be common to ^, i, 

♦. A. A. 



60 FRACTIONS CHAP. 

80. Fractions with different denominators can always 
be expressed as fractions with a common denominator. 

It is generally convenient that this new common 
denominator should be as small as possible. 

By Art. 79 the Idwest common denominator is the 
lowest common multiple of the denominators. 

4 5 7 
Uxample i. Ea^ess q » To » tf as fractions toith equod denominators. 

When the mimerator and the denominator of a fraction are each 
multiplied by the same number the fraction is not altered in value ; 
accordingly, we must find some number which is a multiple of each 
denominator ; for then each denominator can be transformed into that 
number by multiplicatiou. 

Therefore we .proceed to find the L.C.M. of the denominators, thus : 

3 )9, 12, 15 1 L.C.M. =3x3x2x2x6 
3, 4, 5/ =9x20 = 180. 

Consider what factor is required in each case to convert the 
denominator into the l.c.m. 3x3x4x5; then 

,oA r. cr. .X, r 4 4x20 80 

since 180 -^ 9 = 20, therefore 9 = 9720 = 780' 
since 180-12 = 15, therefore ^ = //-\-5 = /8V 

since 180^16 = 12, therefore ^ = ^i2 = l80' 

™ * 5 7 , ^ 80 75 84 ^. - 

^'"' 9 ' l2 ■ 15 """'Val to jgQ , jg^ . jgjj respectively. 

3 4 11 
Example. Express o > 5 > 79 ^^^^ ^ common deno^ninator. 

The L.C.M. of 8, 9, 12 is 2 x 2 X 2 X 3 x 3 = 72 ; hence 

8 72 "72* 9~ 72 ~72' 12~ 72 "72* 

81. The example on the next page illustrates the re- 
duction of two fractions to their L.C.D. : — 
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Example, Jtedtice -^ and | to their l.g.d. 

Fig. I. 

] I 

A B 

Let the unit be the length of the above line AB, 



1 1 1 1 


.1,1. 


Fio. II. 

1 1 1 1 1 , 1 < 


1 I 1 1 1 


A 

1 1 1 1 


C 

> . 1 1 1 


Fio. III. 

1 1 1 1 1 1 1 1 


B 

1 1 1 1 1 



In Fig. II. let the line ^^ be divided into ten equal parts by the 
longer lines of division. 

In Fig. III. let the line AB be divided into four equal parts by the 
longer lines of division. 

Then in Fig. II. AC=fy of the line, in Fig. III. AD=^l of the 
line. 

The L.C.M. of 10 and 4 is 20 ; and 10 x 2 = 20, 4 x 6 = 20. 

Hence in Fig. II. each tenth is subdivided into 2 twentieths, 

in Fig. III. each fourth 5 twentieths, 

and AC=^ of AB, AD=^ oi AB, 

EXAMPLES. XXXV. 

Express as fractions having a common denominator — 
111 112 238 

^- V V 6* ^- 5' 3' 9* '• 7' 5' 21' 

. 3 7 11 ^ 4 26 36 « q k ^ 

*• io' 20' 30' *• r y n- •• ^» ^' V 

3 9 2 3 5 6 8 11 

^- 7' 5' • *• I8' 8' 36' *• 49' 63' 147* 

inA-l-L nJL_Lll 38 13 7 

"• 15' 10' 100' "• 24* 27' 72* "' 100' 126' 25' 

,,1111 ,^ 1 3 5 n ,« 2 3 6 

"'6' 12' 18' 8* "' 9' 18' 54' 36' '* 7' ll' 9' 

,^ 2 5 37 K „ 85 40 61 100 „ 2 3 4 

"• 9Vn'-33' H' y 2l' Tf • ^^^'W 13*. ' 
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82. Of two fractions having a common denominator 
the greater is that which has the greater numerator. 

For 5^ of the unit is greater than ~ of the unit. 

Example, Which is the greatest and which is the least of 

7 4 17. 

9' 6' 20 

The L.O.M. of the denominators is 9x5x4=1 80; hence 

7_ 7x20 _140. 4 4x36 144. 17^ 17x9 ^158 

9*" 180 "180* 6~ 180 "180 ' 20 180 180* 

Thus jgQ , that is, — is the greatest ; j^ , i.e. 3 is the least 

Of two fractions having a common numerator the 
greater is that which has the smaller denominator. 

They each represent the same number of ^jjarts,* but the parts of 
the one are greater than the parts of the other. 

Exoumple. Which is the greater ^^ or r^ ? 

The L.C.M. of the numerators is 60, hence 

«A. 10 K *v r 12 12x5 60 . 
since 60^12=5, therefore r-^ = r-Fi — r = *?Fr > 
* 151 151 X 5 755 

• «A. -.r . XI. r 15 15x4 60 
since 60-15 = 4, therefore ^=^^3^ = 7-^. 

rm. SO ^, ^ . 12 . ^ ^, 60 ^, ^ . ,, 15 

Thus, Y^ » that is j^ , is greater than ^ , that is, than j^^ . 

EXAMPLES. XXXVI. 

Which is the greatest and which the least of the following fractions ? 
,345 _56 17 _327 

^' V 5' 6' ^ 6' 7' 21* '• 6' 3' 12' 

. 8 41 3 ^999 ^ 12 13 15 8 

*• n' 55' 4' ^' 13' n' lO* •• 21' 24' 28' Ts' 

1112122. fllllZl??5 ol^i. 

30' 35' 36' 20' 15' 20' 25' 30* 3' 8' 11 ' 

,.4488 „ 5 7 11 9 ,_ 21 26 31 

"• 7' 9' 16' l7' "• l6' 24' 36' 28* "' 25' 30' 36* 
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Arrange in order of magnitude — 

5^ ^ n 13 14 4 ^ 11 13 IB 19 23 29 

"• 12' 18' 26' 30* • 9' 12' 20' 24* ' 24' 30' 36* 

45 60 100 25 _7^ 13 17 J^ _7_ 7 14 

* 23' 31' ST 13" * 24' 48' 64' 16* * 13' 9' 17* 

19 7_5^1319 2oll?i?- aiAllll? 

20* 16' 40' 60* * 22' 55' 160* 24' 36' 54' 64* 



Addition of Fractions. 

83. The addition of fractions with a common denomi* 
nator is eflPected by adding their numerators. 

Example, Add =, ^, and j=» 

According to the definition of addition [Art. 14] we must take 

4 5 6 

■= of the unit, = of the unit, and = of the unit, and put them together, 

the number which represents these three taken together is the sum of 
the three numbers. 

That is, we must take 4 sevenths of the unit, 5 sevenths of the unit, 

and 6 sevenths of the unit, and put them together : these together 

15 
make (4 + 6 + 6) sevenths, i.e. -=- of the unit. 

Thus, = — , that is, -y is the result of adding ^, m, and =. 



EXAMPLES. XXXVII. 

"Write down the sum of 

,372 ,417 ,157 

^* 5' 5' 5* H' n' n* '* 3' 3' 3* 

4 1- + L4.^4.R 6 J_+20_ 39 6 5 10 H 

* 10'*"lO"^rd"^10* .* 101 "^101 ''"101* '9' 9' 9' 

». 4oflft-+^oflft- "• ^ of an hour +11 of an hour. 

IZ 14 dU oU 



64 



ADDITION OF FRACTIONS 



CHAP. 



84. The addition effractions with different denomi- 
nators may be effected by reducing each of the fractions 
to their least common denominator. 

« , . , , 1 2 4 11 
Example. -^^ q + c+Tr + To- 

The least common denominator is the l.c.m. of the denominators 
8 )^, Hj, 15 , J2 1 L.O.M. = 3 X 5 X 4 = 3 X 20 
5, 4/ =60 



^1 1x20 20 
3 60 60 


-""M4-II 


2 2x12 24 
5~ 60 ~60 


20 + 24 + 16 + 55 
60 


4 4x4 16 
15" 60 ~60 


" 60 "^** 


11 11x5 55 
12" 60 "60 


=1H. 



N.B. — The work on the left may be omitted after a little practice. 

Note. — It will be found by experience that the addition of fractions 
may often be shortened by first adding two of the fractions together, 
as in the Example of Art. 85. 



Simplify — 



EXAMPLES. XXXVIII. 



'■ hi 

4. 5 + 1 + 1. 

5 25^75 

7. U?+5+l. 

2^3 6 12 
8 25 ^ £ 

• 9 "^27 ''"18 "^36' 

• 23'^69'^115"^15* 



3^15 

8 24 32 

•■ hhh*k 

11 A4.I4.A-4.5 

' ll"^33 22 6' 

14. A + l + A + 15. 
19 57 38 16 

,-14 3 7 

17* - H » 1 . . 

7 35^ 70^10 

17^34-:^8^56 



3. 1+i. 

8^12 
« 1 3 11 
7 14^28 

9. A+1^A+? 

10^20^40 8 
,0 3 5 5 5 
''• 7n-^8 + 72- 



15. 



5 5 £ 

8'^9'^2l' 



18. A-,15+15. 

63 21 42 



-21. 



A ? 11 A 

13 "^5 "^65-"^ 16* 



IV 
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85. In the addition of mixed numbers it is con- 
venient to add the wliole numbers by themselves and 
the fractious by themselves, and then add the two 
results. 

It is also convenient to reduce improper fractions to 
mixed numbers. 



Add 2^+Si+^+6i^, 
This expression is equal to 

=io+«+A+H=io+u+H=iiH. 



Simplify — 



EXAMPLES. XXXIX. 
1. 31 + 2*. 



2. 

4. 

6. 

8. 
10. 
12. 
14. 
16. 
18. 
20. 

22. 
24. 
26. 
28. 
SO. 
32. 
S4. 
36. 
88. 



5^ + 6| 



+ 7. 



a+5|+ 



TT- 



li+2f+3| + 43-V 



1 3 
X — 

2 



.60 .11 



W5' 



TT + It + V + 2. 



32+5^+3^+2. 

27 i 48 . 101 
-5- + ^T ■• 



99 I 'J 9 iQ7 

101 1 203 1 3 1 I 2 1 

Add together — 
93 R 1 oil 

1 4 44 4. 4 

"*T¥» ^7"5"» *¥T' 

a o4 231 491 

^y **TT> -TT-> ST' 

A ' r;l 271 88 

"*> ^7» -TT* TJ' 

1000 10 00 100 in 

4iSl 

13 o 40 173 7 

■2T» ^ 

5 



Q1 1 QO -t 7 



100, I, A- 



8. 2| + 4f 

8. 6^ + 51 + 7,^+11. 

7. 5| + 4| + 3^ + ^.. 

». -^- + Oy + Y^ + ^ly. 

11, ii_i^+2^ + ^V + l- 
13. 4| + 4^ + 4^V + iir- 

17 1000 1 100 I 10 
1Q 6 3i46il00 



21. 



300 I 7 I 400 I 6 



Q« 114.7 ol 27 
9R 9^ J. 3 100 671 

27- l^j l^iyj lyy, Itt- 

no 1 "73 k6 1901 

31..2WV,433^A, Sin. 

35. ly^, 2^^, 3y^, ^. 



37. 
39. 
F 



1 1 1 1 1 1 11 

21 22 2 3 24 25 
~B~> ^T"> TT7> TT» T7* 
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86. The subtraction of fractions is effected by the 
same method as the addition of fractions. 

3 17 

Subtract :=-rfrom ^r=. 

14 60 



Hence 



7)14, 36 


L.C.M. =7x2x5 


2, 5 


= 70. 


8 8x5 15 
14 70 70 


17 3 34-15 
35 14" 70 


17 17x2 34 
35 70 "70 


19 
"70* 



NoTB. — The work on the left may be omitted in practice. 



Simplify — 



i-i- 



fill 11 

9 6 3 



EXAMPLES. XL. 



O 3 2 
6. 7 2 . 

10 18 7 



3. 6 4 
7. 3 1 . 
11 s 1 



46 2 

g 21 7 



12. 



21 7 



Find the difference between 



IS. 
16. 



18 nrifl 13 
TT ^^^ T2* 



19. 7f ^nd 7t^. 



14. ^ and tV 
17. If and If. 
20. ^ and 1^. 



A and 3^. 



15 

18. 5^ and 4f 

21. i and ^. 



87. The following examples of the subtraction of mixed 
numbers should be noticed. 

Note. — It was stated in Art., 77 that the expression 2f stands for 
2 + f ; it must be noticed that 2p is not fully expressed by 2 + f ; it 
needs a bracket (2 + f ) [Art. 22], to express it completely. 

Example i. Simplify 6| - 2f. 
That is, simplify (6 + f ) - (2 + 1). This expression 
=6+f-2-f=6-2+|-f=4+i-f 



= 4 + 



3 5-2 7 
63 



=4+A=4A. 



IV SUBTRACTION OF FEACTIONS 67 

Example ii. Simplify 8f - 2f . 

6|-2|=6 + J-2-f = 4 + J-f=4+»i-H. 
Now ff cannot be subtracted from H, and we proceed thns : 

4 + H-«=3 + (l + «)-«=3 + H-tt=3«. 
Process, 6f-2^=4|-f 

-1,35-64 68+86-54 

-*+ 63 -^+ 63 

=8«. 



EXAMPLES. XLL 



Subtract— 






1. 1| from 2|. 
4. 3| from 63^. 
7. 3^ from 6. 
10. 200 - If 


2. 21|- from 2 2 J. 
5. 411 from 20^. 
8. 4^ from 5. 
11. 27i-26||. 


8. 7H from 8^. 
6. 1^ from 11/^. 

9. 201ff- 17611. 
12. 45f|-35f*. , 


Find the diflference between 




18. 4 and 1 j^. 
16. Ill and 21 J. 


14, 8| and 9|. 
17. 5|f and 6|f. 


15. 2y\ and 3. 
18. 413 and 4 If. 


Write down the results of subtraction in 1 


the following :— 


19. 14^ 20. 

4| 


9|| 31. 5|| 
8|i 4f| 


32. 411 83. 22|^ 



Simplify — 

24. 3| + 4|-6f SB. 8i-7| + H- ^O-^-^-h 

27. 3f - If - ^. 28. 7 - 2^ - It-V 29. 20 - 12^ - f 

80. 4-2|-|. 81. 8-Vt?j + 2^. 82. 3|-11^-tV. 

83. 8-| + 3|-lf 84.9-1-2^ + 1^. W-1A-A-tV 

8«-4i-3A-li- »'-5tV + 1^-H- 38.|| + 5|-|;. 

All 1_l7 4.«11_l6i1_17 

43. 2f-f + 4 + 5|. 44. 21-5^^ + ^ of 16. 

46. 4| - 2f + 27. 46. 3^ + 37^ - 27f 

«. 2li + 4^ - 7^. 48. 3^ - -7^. 
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88. To multiply a fraction by a whole nimiber 

we multiply the numerator by the number. 

Exainple i. Multiply f by 3, 

i,x .1 6 6 6 „ ft „ 6x3 18 „4 

i.«. add together = + = + =. Hence =x3=— =— = -=- =a=. 

Example il 191| x 5 = (191+|) x 5 = 955 + ^=955 + 3i = 958i. 
Example ill 4|x 165 = (4 + J)x 165 = 4x 165 + ix 165 

= 660 + 41Jx3=:660-fl23i=783i. 



EXAMPLES. XLII. 



Multiply- 










1. 1 by 5. 


2. f by 4. 


3. i by 3. 


' 4: 


lOf by 6. 


6. 6^ by 6. 


6. |«by 12. 


7. n by 3. 


8. 


25/t by 7. 


9. 3^ X 7. 


10. 5^x14. 


11.3/^x11. 


12. 


4^x28. 


13. 5|- X 365. 


14. 473|x5. 


15. 7911^x8. 


16. 


8|x4375. 



89l To multiply a number, say f, by a fraction, 

say f, we take ^ of the unit and divide it into 7 equal 
parts, of which equal parts we take 6, the resulting 
fraction of the unit is said to be the result of multiply- 
ing |- by ^ ; for, by Art. 25, we must perform upon •§• 
that operation _ which when performed upon one gives 
■f as result 

6 6 5 

Example. Multiply ^ by =. We take ^ of the unit, and divide it 

5 ' 

by 7. This gives us - — ^ of the unit. 
9x7 

6 of these parts = - — = of the unit. Therefore - x -=- — - = — . 
9X/ v/V/Xf zi 

Hence, to multiply one fraction by another, we multiply the 

numerators together for the new numerator and the, denominators 

together for the new denominator. 

It follows from Art. 27 that when the- multiplier nnd 
multiplicand are interchanged the quotient is not altered,^ 
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, 4 ^3 4x3 3x4 3 4 

Example. ^ of ■==-= — = = ^ — _ = *? x -. 

-^6 7 6x7 7x5 7 6 

The word of is often used instead of the sign x , 

For, by 3 of a quantity we mean 3 times, the quantity. [Art 25 ; 
see also Art. 95.] 

A fraction of a fraction is called a compound fraction. 

f of f is a compound fraction. It is equal to f x f . 
V 7 • V.S 5 19 - 5 5 

ExampUi. 4| X3g=-x 2-^ = -. 

5x79x112x8 

ExampUii. W, x2Hx||=|x|xi5 

9x3 8x5 3x11 

. 5x9x11x8x2x7 14 _. rAi.^oi 

= Sx9xllx8x3x3 =y=^*- ^^^ ""^ 

NOTEI. |of|=^-^ = |ii| = l=l. 
6 5 6x5 5x6 1 

Note II. |^ = ^ ; 3 + 4 is not divisible by 3, nor by 4. 
Multiply- EXAMPLES. XLIII. 



1. 


3 by 4. 2.|by/^. 


3. 


flbyfl 4.AV 


^7^^. 


6. 


I]^x3i. 6. 3ihy4i 


7. 


Sfbylf • 8.3,^ 


^J lA- 


9. 


31 of 42 'of 5^^. 


10. 


Hxf|x4/^. 




11. 


4ix5lofl^. 


12. 


«ofHx9of6i. 




13. 


2^x^of^Vx2i- 


14. 


3|of5ixfJ. 




16. 


4|of||x7xl^. 


16. 


43 s^ 7 x/ 640 
12irX86 0X 63' 




17. 


(i + i)ofTV 


18. 


ixUxAxll- 




19. 


^ of (1 + 3^). 


20. 


(2^-2|)x3f 





ai. (3/^ - /^) X 1 A. i% (4| - 2^) X 2tV 

23. 1^ X (8« - 4i|). 24. (3^ + 2^) of (1| - 4). 

26-(54-4|)x(4^+l^). 
Add together — 

a«- I. f of i I of ^. f of f 27. 3 X 4, 1 X 1|, ^ of 11. 

28. 1^ Of I, 4| of 1|, 2| of 2|. 29. I of I, 2> of ^, 3| X |. 

80. 2^, 2,3^ X 1 1, 2,^ X 6^ of \. 81. 4^ of 1|, | of 10, (^ - 1). 

82. 3 J of 6 J X 7|, 2, 3| X ^. 38. (| - 3| X | of |), 1| x 4|. 
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90. Division of Fractions. By the aid of fractions 
we are enabled, in the division of whole numbers by whole 
numbers, to obtain a complete quotient in every case ; for 
we are able to express by a fraction the result of dividing 
the remainder. 

ExampU. Divide 300 hy 7. 
7 )800 

42 remainder 6. 

Now, 6 divided by 7=f ; for f of a unit is a part of a unit sucli 
that seven such parts added together make up 6 units ; 

hence 300 -h 7 = 42f ( Complete Qmtient). 

91. A fraction is divided by a whole number when its 
denominator is multiplied by that number. 

Example L Divide = &y 6. Consider = — ^ i.e. o;^ of a unit 

It is a part of a unit such that 5 such parts added together make up 
?ofaunit Thus?=5x^;sothat?-5=^g=^. 

Example ii. Divide 102f by 9. 9 )1 02f 

Qtwtient 11, remainder 3f. 

Now 8f =f , hence 3f-9=f -9 = ^=|. 

Therefore 102f -f 9 = ll|f (CompleU Quotient). 
Example iii Divide 4731^y ^ 35. 
Process, 5 )4731^ 

7)946U 
Quotient 135^. 

EXAMPLES. XLIV. 
Divide — 
1.100 by 3. 2. 21 by 5. 3. 3000 by 9. 4. 237 by 16. 

5. 3000 by 21. 6. 4701 by 35. 7. | by 3. 8. ^ by 6. 

9. If by 8. 10. I by 6. 11. 3j by 6, .12. 4| by 2. 

13. 2f by 7. 14. 6 J by 4. 15. 401 J by 16. 

16. 643^ by 21. 17. 147f by 33. 18. 477^ by 45. 
19. 1011^ by 99. 20. 555f by 26. 
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92. To divide a given number, say |^, by a fraction, 
say j-, we must find that number which when multiplied 
by f gives ^ as product ; for, by Art. 34, 

divisor x gmtient = dividend, 
[There is no remainder ; see Art. 90.] 
; i. Divide f by f . 



6x7 
Here, the required gt^^ieTt^x divisor = dividend. But ^ — -z is such 

a number that when multiplied by f the product is f . 

Therefore ^ — j is the required quotient. 

Hence to divide f by f , we must multiply f by } ; whence the 
usual Rule, to ^vide by a fraction invert the divisor and multiply. 

Process, f-^f=fxi=ff. 

Example ii. JHvide 2f hy If. 

Process, 2^-Mf=V-^¥=V>^ *=¥=!*. 

Note.— The divisor, when a mixed number, must first be rednced 
to an improper fraction. 

EXAMPLES. XLV. 
Divide— 
Lfbyi. a.fby|. 8. | by f *• i^ by f 

R 8^ * « *^ * T 8 ^12 It lOj. 6 

''• T • TT* •• T • TT- '• TT • TT* ''• TT • ¥¥• 

9. I by If. 10. i^ by If 11. 3| by ^. 13. 1 J by |. 

18. 11 by 4f 14. 2f by 3|. 18. ll^V by 12f 
16. %\ by 1 2f 17. (3-1) by A\. 18. (2| + 3 J) by ^V 

19. (6i - 6f ) by t!^. 20. (6 J - 4f ) by 2^. 31. (5f - 4^) by ^. 
32. (.3| - 1?) by (J - 1). 28. (3^\ - 2^) by (4 - 1 - 2^). 
3*- (7A+H-8^)by(4i^-3^). 26. 3f of 6| of ^ by 18f. 
26. 4^ by 3^ of 2^. 27. 3^ of 1 1| X 1\ by /, of 7^. 
28. (14| - 1|) by 14« of 5^. 39. | by {2^ - (| + ,1^^)}. 
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93. Complex fractions may be simplified as in the 
following examples. 

Example i. Simplify ^. The fraction g applied to a unit in- 
dicates [Art. 72] ^ of that Quantity which is such that ^ of it makes 
up the unit ; this quantity tnerefore must be (^ of the unit). 

Hence g °^ * ^°^* i» xt of (V of the unit). 

Or thus : Since f of a unit is the quotient when 3 units are 
divided by 7 ; so, ^ of a unit is the quotient when ^ units are 
divided by -f^ ; hence 



X \^ f 3x6x7 36 ^* 



8x22 
METHOD I. 

8x5 

METHOD II. We may use the principle of Art. 74. 
Find the l.c.m. of 16 and 66 ; it is 3 x 6 x 22 ; 



then ^_ ^x3x5x22 _4x22_88_ 

^''^''' 3j-^x3x6x22-7^ -36-2**- 

v 7 •• l + # ¥ 11 78 11x 2x39 39_jv. 

ExampUn, Tp:^=%=T^n= 11 x 2x4 =T-^^' 



Simplify — 



{ 



EXAMPLES. XLVL 



2. li. 8. ±. 4. ii. 

« 8f 6* 



2t 30i 245t lOH 



••-T- "-sps^- "••if—j- "•9F6t- 

18. ^-*+i 14. ^^-2*-* 16. 8i±2LJi. 

4 + i-i 8i-2i-i 8a + 7A-i 

"• iTpriTi- "• --4P2T— "• 5| + 2X-lA ' 

"• 8i+5i-2f i-i + M i-i + i-f 
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94. A fraction in the following form is called a con- 
tinued fraction. 

Example. Simplify 3 + — 



10 + -I 



12 + 3TJ 



Such fractions are simplified by first simplifying by Art. 93 the part 
enclosed in the inner bracket ; thns, 

Note. — After a little practice, the brackets may be omitted. 

EXAMPLES. XLVII. 

Simplify — 

- 6 + i ^1+i 

4. 1 + L 8. 8 + — J, 6, -^ 



1- V .. 3 + i-. , 6+ 1 



1+f i + i ■ g _],_ 

7. 3+ i_-_. ft 4+ . ? .. ». 8i+ L 

.e + — ij— 7 + i— 3+ ^ . 

-^ '^h '^m 'U^i 



o. 


7+^ 


1 




54 


1 

4 + i 


11. 


6 

Q 






4+ ' 
8 + — 


2 



'%T^ *^r^- '%-^~ 

Z + l-f^ *+5 + ^ 

95. .In an expression in which there is addition or 
subtrsiction combined with multiplication or division, the 
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multiplication (or division) is to be worked before 
the addition and subtraction. 

For [Art. 19] nnmbers connected by the signs + or - are terms, and 
as their name implies are considered as separate numbers. 

Example. Simplify Z\-{-4\y.l^-Z\of\\^ 2-r-Z\. 
This expression is equal to 

8f + (¥x«)-(Vxf) + (2xA) 

=3+f+i+f=3+f+l=4+f+i=4H. 

In an expression such as fxf-rfx|- each of the 
symbols x or -7- applies Only to the number imme- 
diately following it. 

Example i. |-j-^ x J = f x f x J. 

Example ii. ^-i-(i x f ) x |=f x ^ x | x |. 

Note. — It is usual to consider ^ of | as one number. 

ExampU. J-^J of i=|-f-(^ of i)=f xf xf. 



EXAMPLES. XLVIIL 

Simplify — 

1-41-31x1 + 3,^. 3. 6| + 3|x4|-7ofl^. 

3. 3^-5|-4ixVT-^. 4.7|of4||4-5-l^x3i ' 

5. ll2 + 6/T-l|-4|of^. 6. 3jof 6|-fH-|+l|-3i. 

7. 4f of l| + 2^-4^off 8. 2f+l|of5^-4-|ofT?i--4| 

9. 8ofi-2iof^-|-=-f 10. 3f + 6|of 3!j-2|. 

11. 3J of 5 1 + 1 of (6|. - 21). la. lOf X 111 - ^1 + » of 3f 

18. 2| + 4i-|4 + 5ix|. 14. 12-l| + 3| + 4»H-4V!ir. 

15. 6lxlA-3| + 2|-i|. 16. 8- 20^x3^ of ^-^V 

".#:of3| + 2-l|-i-6f 18. 8|of||-^+l»ofTfT- 
TX 7 



IV 
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19. 

21. 

23. 

26. 

28. 
30. 
32. 

34. 



Hof 



2H-9*.. 6JJ_ 2o.i2L^ttl£M 



of 



8| + 5A 4^ of 9^' -"• fx3i-2i-Mt 



H of 71 






2* 



86. ilL:M. 



j|x2t-4ix8Ax^. 87. (4J-2fK3i+8-6Ax«. 



fx^-AoflA + J. 



a*- «-^^+f oflOt-f of2A. 



14-2jH-Uof6f+f of9}. 81. Ax3i+2i-(J-4)xlf. 



(2i+2iofl-||)^(2-iH). 

6+2i:^i ffff 3f+2t-4A 38 2ix— L- 



88. 3i-liiM. 



*'-5i 



87. (2^+1} -3i)x 
39. 



(»«'»• 



38. 



40 li+Hx^+a 

6i + 3i 3^-2f • 



41. 
42. 

43. 
44. 
45. 
47. 
48. 

60. 



l|-3iofA-A 

21*-6ixl^-lJxt^^-6-3f-=-5i-3i-^Jof2ixA^^. 
(llHxlA)~21 + 7-3ix2f + ioff-T-2|xt. 

^ + |j£9J+3H Uofj_of21 , 3f 
117H-106H 23 55' 

A of M - 3i-M8i ofl A + f of ^ . 

49. 4 + 



lloflj , 4 



^*-tt-8^a"^(*-iH> 



i2L 



3 
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96. A decimal fraction is expressed in the form of a 
vulgar fraction as follows : — 

Example, Eacpresa 31 *135 a» a vulgar fraction, 
•136 = 135 thou8andth8=^tfW=^; lience 31-185 = 31^. 
Hence, a decimal fraction may be expressed as a vulgar fraction by 
taking for the numerator the digits of the decimal; for the denomi- 
ruUor, the same power of ten as the number of the digits. 

The following results are often useful : — 

i=-6; i=-25; i=-75; i=-125; |=-625. 
Example i, -365625 [ = -365625 x fl r= | of 1 -4625 
[ = i of 1 -4625 X fl=^ of 5-85 [= A of 5-85 x J=^ of ll-7]=Hi. 
3-4375 
63-125' 
3-4375 8_27-6 4_ 110^ 11 
63-125 ^8"" 425 ^4~1700~170* 



EXAMPLES. XLIX. 

Express as vulgar fractions in their lowest terms — 



1. -5. 


2. 


-02. 


3. 


-125. 


4. 


•0125. 


5. 6-4375. 


6. 


10 0625. 


7. 


•4163675. 


8. 


•40125, 


9. 367-375. 


10. 


70-00004. 


11. 


81-0005. 


12. 


4-9126. 


•40125 
'• -56125* 


14. 


54375 
47376 ' . 


16. 


•45703125 
2-77734375' 


16. 


4-1875 
•5625 



97. A fraction, as f, applied to a unit, gives the 
quotient when 3 units are divided into 5 equal parts. 
Example, Express f of a unit a>s a decimal. 

-—;^ I Thus f- of a unit= '6 units. 

• Hence, to express a vTilgar fraction as a decimal, divide the nume- 
rator by the denominator. 

EXAMPLES. .L. 

Express in the decimal notation — 
1. ^. a. -^, ' 3. ^. 4. -j^. 0. ^^. 

6k21 7 /s41 • o 91 A q21 m 85 
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Express as decimal fractions as far as the sixth decimal place — 

11. f 12. ^. 13. A. 1*. f W. |0. 

16. 3^. 17. 4^. 18. llf 19. 20f 20. 3|^. 

Find the greatest and least of the following, by expressing each 
fraction as a decimal as far as the 4^^ negative power of ten. 

9lS46 nn6617 no 327 

04,451128 n||9711 nA47 1113 

Express as decimals — 
27. $1 . 28. I cwt 29. -^ lb. 30. 4^ tons. 

31. $27^. 32. 4^ cwts. 38. 3;^ yds. 34. 21^ hours. 

*MIS0ELLANEOUS EXAMPLES. LI. 

1. Which is the greatest, ^t -^j or -fyl 

2. Find the Least Common Denominator of 1^, f , ^, | of J, 
iofi. ^^ ^^ 

3. The sum of ^ , * and ^ ^ * is equal to how many times their 
i Jof4i ^ 



difference ? 

1* 



54I- 
4. The smaller of two numbers is , ^^^ and their difference is 

iof 8| 



P ; what is the larger of the two numbers ? 

5. What number added to 17^, f , ^x» ^ A will make the sum 60 ? 

6. What number divided by If - ^ of 3^ will make the quotient 
1? 

7. What number multiplied by 9 - 3^ will give 1 as product ? 

8. 48 is f of some number ; what is f of the same number ? 

9. Add together the sum, difference, product and two quotients of 
H and 3i. 

10. How many dollars should be given in exchange for ^~^ of 

f + tTT 

1201 

,,1. • 1 ^ • 1 1*875 3-5 

11. Express as a simple decimal ^,^ x ^^ . 

,« «• vf 1'^ 3-25 

12. Simplify :^gx-^. 

,. Q. ,.- -321 X -321 - -179 X -179 .^- 
18. Simplify .321 _. 179 of «6. 

14. Add together =-rrr and — =-r' • 
^ 1'52 *74 
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,. a u* * '159 - 1851-85 

15. Subtract :^j^ from -25:^. 

16. Find a decimal which shall differ from H ^7 less than TTrtWv 

17. Show by expressing each fraction as a decimal that ^ is greater 

and A is less than 1 + 27^4 + 2x8x4x5x6 - 

18. What (decimal) number multiplied by 125 is equal to the sum 
of|» A» h -09376 and 2-46? 

19. If the dividend is J and the quotient ^, what is the divisor ? 

20 Simplify l^^Lii^iiti^ZlM). 
• ^™P^"y |oflJ~(18f^^8) 

Note. — The symbol ^ is to be read * the difference between,* 

21. Take from 1 the sum of its third, sixth, and ninth parts, divide 

the remainder by b\ - 4)-, and find the difference between 1 and the 

result. 

22.' A person spending |, f , and \ of his money had $119 left ; how 

much had he at first ? 

23. What is the least number which, when divided by each of the 
fractions f , 3^, f^, and -^j gives a whole number as quotient in each 
case? 

24. One man's pace is 2,^ feet and another's is 2,^ feet ; if they 
start walking together in step, how far will they walk before they are 
in step again ? 

25. If T*r of a house be worth $1969.92, what is the value of xV ©^ 
the house ? 

26. Three men own a house worth $6250 ; one has ^, the second 
^ of it ; what is the value of the third's share ? 

27. Three men own a house ; one has ^, the second ^, and the 
third sells his share for $2800 ; what is the value of the house I 

28. A father leaves some land to his three sons ; to the first f, to 
the second ^ of the whole ; the third finds that his share is worth 
$1000 dollars more than the share of the second ; what is the value of 
the land ? 

29. A man devised yV of his estate to one of his sons, and \ of the 
remainder to another ; the surplus to his widow ; the difference of the 
sons' legacies was $2352 ; how much did the widow receive ? 

30. After walking 4^ miles a man has accomplished 

2i-Uof2i+H „f A±i 
(2i-H)of(2i+lJ) "*' f-A 
of his journey ; how far has he still to walk ? 

31. A man having 271^^ acres of land, sold \ of it to one man and 
I of it to another ; what was the value of the remainder at $823.68 an 
acre! 
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82. For two parts of an examination there are 572 candidates, ^ of 
the number entered for part 1, and ^ for part 2 ; how many entered 
for both parts ? 

33. The driving-wheel of a locomotive is 15yV f^eet, and a carriage 
wheel 9f feet in circumference ; how far must a train move from rest 
before the same points on each of these wheels are again simultaneously 
in contact with the rail ? 

34. Find the greatest common divisor of 4, 2f, 2|, and ^. (That 
is, find the greatest fraction which divides each, with quotient a whole 
number. ) 

35. A man gives away to each of five people ■^, ^^ tf» -sHri A of a 
basket of apples ; how many has he left, supposing he has only just 
enough apples to do the above operation without dividing an apple ? 

36. A man gives away to each of four people ^, ^, ^i t?t of a. 
basket of apples, and has only just enough apples to be able to do this 
without dividing an apple ; how many apples had he I 

37. What is the least number by which, if J, if, and |f are multi- 
plied respectively, the product in each case will be a whole number ? 

88. What is the greatest length which is contained a whole number 
of times exactly in both 18{ feet and 57^ feet ? 



CHAPTER V 

COMPOUND QUANTITIES 

98. In order that Arithmetic may be applied to quan- 
tities of different kinds it is necessary that for each kind 
of quantity a suitable unit should be selected. 

The unit of money is a doUar ($1). 

The unit of length is u yard. 

The unit of time is a day. 

The unit of weight is a pound weight. 

The unit of suzface is a square surface measuring a linear foot each 
way, called a square foot. 

Tlie unit of solidity is a rectangular solid measuring a linear foot 
each way, called a cubic foot. 

The unit of fluid capacity is a gallon. 

The unit of angle is a right angle. 

99. When we are treating of large quantities it is con- 
venient to use a large unit, and when of small quantities it is 
convenient to use a small unit. Hence has arisen the cus- 
tom of using mor« than one unit for things of the same kind. 

Example^ The distance from Cambridge to London is said to be 
52 miles. The height of St. Paul's dome is said to be 404 feet. The 
length of this page is about six and a half inches. Hence 

From each principal unit, various auxiliary units are 
derived, either by dividing the principal or 'standard' 
unit into a number of equal parts, or by multiplying it a 
number of times. 

100. A list of the relative magnitudes of the various 
auxiliary units which are in ordinary use, is called a Table. 
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A set of tables of auxiliary units of weights or measures, 
each of. which is ten times the preceding, is called a 
decimal system of weights or measures. 

101. The United States unit of * money is the dollar; 
the tenth part of a dollar is a dime ; the tenth part of a 
dime is a cent ; thus a cent is the hundredth part of a 
dollar. Accounts are kept in dollars and cents only. 
Measures in a decimal system are expressed by decimals ; 
thus 305 dollars 42 cents is written $305.42. 

The French unit of money is a Franc (worth about 19.5 cents) ; the 
tenth part of a franc is a decime ; the tenth part of a decime is a 
centime ; thus a centime is the hundredth part of a franc. Accounts 
are kept in francs and centimes only. 1766.42 f. is read thus: 1766 
francs 42 centimes. 



EXAMPLES. LIL 



Express in centimes — 

1. 4.32 f: 
Express in francs — 

4. 4000 c. 
Express in dollars — 

7. 3641 cents. 
Express in cents — 

9. 2.36 dollars. 



2. 300 f. 



5. ^63 c. 



8. 1.4 f. 
6. 4.5 c. 



8. 103.5 cents. 



. 10. 10.1 doUara 
Find how many dollars and cents there are in 

11. 25 fr. . 12. 195 fr. 13. 65 centimes. 

Find how many francs and centimes there are in 

14. $97.60. 15. 15.85. 16. $136.50. 

102. The ordinary tables of weights and measures are 
not arranged on the decimal system. , The principal are the 
following: — 

uneabp measure. 

12 Inches (12 in.) 

8 Feet. . 

5J Yards . 
40 Poles (220 yds.) 

8 Furlongs (1760 yds.) 

8 Miles . . . 

Note.— 100 Links ( = 22 yards) make 1 Chain ; 10 chains =1 fur.; 
6080 feet=l Nautical mile. 

G 



make 1 Foot (1 ft.) 
„ 1 Yard (1yd.) 
,, lPole(lpo.) 
„ 1 Furlong (1 fur.) 
„ 1 Mile (1 mi.) 
„ 1 League (1 lea.) 
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BQUABE MEASURE. 

144 Square Inches (sq. in.) make 1 Square Foot (1 sq. ft.) 
9 Square Feet . . „ 1 Square Yard (1 sq. yd.) 
30J Square Yards . . „ 1 Square Pole (1 sq. po.) 
160 Square Poles . . . „ 1 Acre (1 a.) 
640 Acres . . . ,,1 Square Mile. 

Note. — 10 square chains, or 4840 sq. yds., make 1 acre. 

A square pole is sometimes called a (square) rod, or (square) perch. 

A Rood (40 sq. poles) is not in ordinary use now. 

CUBIC MEASURE. 
1728 Cubic Inches make 1 Cubic Foot (1 cub. ft.) 
27 Cubic Feet „ 1 Cubic Yard (1 cub. yd.) 

MEASURES OF CAPACITY, 

DRY MEASURE. 
2 Pints (pt.) .... make 1 Quart (qt.) 

8 Quarts , 1 Peck (pk.) 

4 Pecks ,,1 Bushel (bus.) 

Note. — The bushel contains 2150*42 cub. in.; therefore the quart 
contains 67^- cub. inches. 

UQUID MEASURE. 

4 Gills (gi.) make 1 Pint 

2 Pints „ 1 Quart (qt.) 

4 Quarts , 1 Gallon (gaL) 

Note. — The gallon contains 231 cub. inches ; therefore the quart 
(liquid measure) contains 57$ cub. inches. 

MEASURES OF WEIGHT, 
AVOIRDUPOIS WEIGHT 

(for weighing common goods). 
16 Drams (16 drs.) . . make 1 Ounce (1 oz.) 
16 Ounces . . , . ,,1 Pound (1 lb.) 

100 Pounds , 1 Hundredweight (cwt.) 

20 Hundredweight • • n I "^on. 

28 lbs. = 1 Quarter (qr.) 
112 lbs. =1 long Hundredweight 
2240 lbs. = l long Ton. 

Note. — The quarter is used in Great Britain. 

The long hundredweight and ton are the ordinary hundredweight 
and ton of Great Britain. In the United States they are used at th* 
Custom House and in wholesale transactions in coal and iron. 
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TROY WEIGHT. 

(The Ounce Troy is used for weighing Gold, Silver, etc. ) 

24 Grains (24 grs.) make 1 Pennyweight (1 dwt.) 

20 Pennyweights . „ 1 Ounce (1 oz. Troy), 
12 Ounces (5760 grs.) ,, 1 Pouud (1 lb. Tr(yy). 

Note. — The grain Troy is the same as the grain Apothecaries ; 
5760 grains make 1 lb. Troy, 7000 grains make 1 lb. Avoirdupois. 

APOTHECARIES' WEIGHT 

(for weighing Medicines). 
7000 Grains (gr.) make 16 oz. (i.«. 1 lb. Avoirdupois), 
80 that 437i grs. make 1 oz. Avoirdupois. 

Note. — A cubic foot of water weighs about 997 oz. Avoirdupois. 

ENGUBH MONEY. 

4 Farthings . . . make 1 Penny (Irf.) 
12 Pence . . . . „ 1 Shilling (l5. or 1/-). 
20 Shillings (240d.) . . „ 1 Pound (£1). 

1, % and 3 farthings are indicated by }<£., \d.y |^. respectively. 

ANGULAR MEASURE. 

60 Seconds (60") . . . make 1 Minute (!')• 
60 Minntes . • . . „ 1 Degree (I**). 
90 Degrees . • . . „ 1 Bight Angle (1 rt. gle.) 

TIME. 

60 Seconds (sec.) . . . make 1 Minute (min. ) 
60 Minutes . • . . ,,1 Hour (1 hr.) 
24 Hours 1 Day. 

Note. — Each day is considered to commence at midnight. 

The Calendar. 

103. The solar year contains 365 days, 5 hours, 48 
m. 48 sees, nearly. In four solar years there are 4 x 365 
days + 1 day, nearly. Hence it is arranged that when 
the number expressing the year is divisible by 4, February 
shall contain 29 days instead of 28. Thus, every fourth 
year contains 366 days, and it is said to be a Leap year. 
Thus 1888 was leap year ; in 1888 February had 29 days. 
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The above assumes 365 days, 6 hours, as the length of 
the solar year ; but this is a little too much ; accordingly 
it is arranged that three out of four of those years which 
are represented in our calendar by complete hundreds (e.g. 
2100) shall not be leap year. Every fourth complete 
century is, however, a leap year (e,g, 1600, 2000, etc.). 
[See Art. 154.] 

EXAMPLES. LIII. 

Which of the following years were leap years ? — 

1. 1760. 2. 1770. 8. 1800. 4. 1822. 5. 1815. 

6. 1830. 7. 1842. S. 1700. 9. 1866. 10. 1886. 

104. Thirty days hath September, 
April, June, and November. 

The other months, except' February, have 31 days eacL 

Reduction. 

105. DEF. A simple quantity is a quantity ex- 
pressed in terms of a single unit. 

A compound quantity* is a quantity expressed by 
means of more than one unit. 

Example. 84 days 10 hrs. 6 min. is a compound quantity. 

106. Reduction is the process h^ which a compound 
quantity is expressed as a ^impte quantity, or vice versa. 
The process will be best learned by examples. 

Example i. Eeduce 84 days 10 hi*s. 6 min. to minutes. 
From the Table \ 

24 hrs. =1 day. 
Hence 1 Process, 

84 days = 84 x 24 hrs. = 2016 hrs. I 84 days 10 hrs. 6 min. 

Thus f 24 

84 days 10 hrs. = 2016 + 10 hrs. = 2026 hrs. \ 

From the Table / 2026 hrs. 

60min.=lhr. 1 60 

Hence 

2026 hrs. =2026 x 60 min. =121660 min. 1 121666 min. 
Thus 
84 days 10 hrs. 6 min. = 121566 min. 
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Example ii. Seduce 1 ton 15 cwt. 3 qrs. 
(English measure). 

20 cwt. =1 ton. 



4 qps. = 1 cwt. 



iV^.}4x7=28 



16 



ivrb.}*'-»=i« 



ledra. 
= 1 oz. 



4x4 = 16 



add 



1 ton 
20 

35 cwt. 
4 

143 qrs. 
4 

572 

7 

1 4004 lbs. 
17 lbs. 

4021 
4 



16084 
4 



17 lbs. 13 oz. to drams 

or, shorter, thus : 

1 ton 
20 

35 cwt. 
4 

143 qrs. 
4 

672 

7 

4021 
16 

64349 oz. 
16 



1 64336 oz. 
add 13 oz. 



r 64349 

4 



267396 
4 



1029584 drs. 



1029584 drs. 

[See Art. 30.] 

N.B.—The 17 lbs. 
is added to the result 
of multiplying by the 
7 ; if it were added to 
the result of multi- 
plying 143 qrs. by 4, 
the result would be 
the adding of 7 times 
IS lbs. 



Half a mile. 
7 yds. 9 in. 



EXAMPLES. LIV. 

Reduce the following to inches : 
1. 107 yds. 2 ft. 10 in. 2. 1 mile 72 yds. 6 in. 
4. A mile and a half. 5. 20 yds. 1 ft. 6 in. 

How many hours are there in 
7. One week ? 8. The month of January ? 

Reduce to lbs. : 
10. 83 tons 10 cwt. 11. 46 tons 10 cwt. 12. 107 tons 5 cwt. 10 lbs. 

Reduce to ounces : 13. 1 ton 3 cwt. 21 lbs. 14. 15 cwt. 21 lbs. 
16. 3 tons 1 cwt. 21 lbs. 16. 4 tons 3 cwt. 34 lbs. 

Reduce to drams: 17. 6 cwt. 1 lb. 10 oz. 18. 300 tons 2 cwt. 12 lbs. 



9. 6 weeks 3 days ? 
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Redace to inches : 19. 4 yds. 2 ft. 11 in. 20. 1750 yds. 1 ft. 6 in. 
21. 10 miles. 22. 3 miles 220 yds. 2 ft. 23. 8 miles 111 yds. 8 in. 

Reduce to sq. ft. : 24. 1 ac. 100 sq. yds. 25. 120 ac. 50 sq. yds. 
26. 131 ac 2 roods. 27. 450 ac. 1 r. 20 sq. yds. 28. 50 ac. 100 sq. yds. 

lleduce to pints : 29. 5 bushels 3 pks. 30. 7 bus. 2 pks. 6 qts. 
31. 10 bus. 3 pks. 7 qts. 82. 3 gal. 2 qts. 

Reduce to cub. in. : 83. 500 cub. yds. 84. 174 c. yds. 22 c. ft. 
35. 1000 c. yds. 20 c. ft. 1101 c. in. 36. 11 c. yds. 21 c. ft. 

Reduce to seconds : 87. 12 d. 6 hrs. 25 min. 88. 365 d. 6 hrs. 
39. 2 wks. 11 hrs. 26 min. 24 sec. 40. 4 wks. 3 d. 17 hrs. 27 min. 27 sec. 

Reduce to seconds : 41. 4 right angles. 42. 120*^ 20' 43". 

43. 60" 17' 18". 44. 41° 60'. 45. 470** 27' 27". 

Reduce to grains : 46. 5 lbs. 4 oz. (Troy). 47. 10 lbs. 8 oz. (Troy). 
48. 21 lb. 8 oz. 17 dwts. 49. 9 cwt. 6 lbs. (Av. ) 50. 5 lbs. 4 oz. (Av). 

N.B.— In reducing miles to yards, or acres to square yards, it is 
best to reduce to yards at once, unless we are preventetl by the form 
of the question. In which case, we must proceed as follows : — 

* Example iii. Reduce 2 m. 3 f. 21 p. 3 yds. 2 ft. 11 in. to inches. 

ProceeUng as before, as far as the reduction to poles, we find that 
2 m. 3 f 21 p. 3 yds. 2 ft. 11 in. =781 poles 3 yds. 2 ft 11 in. 

From the Table we find that 5^ yds. =1 pole, i.e. eleven (half 
yards) = 1 pole. We therefore 



multiply the number of poles by 
11, thus, 781 poles 
11 

8591 (half yards). 

To express half yards in yards, 
we must divide by 2, thus 

2)8591 half yds. 
4295 + 1 half yd. rem. 
or 4295 + 1 ft. 6 in. 

besides which there are in the 
question 3 yds. 2 ft. 11 in. 

Hence the total length given 
above is 4299 yds. 1 ft. 5 in. 

which is 154781 inches. 



The whole work may be ar- 
ranged as below : — 

2 m. 3 f. 21 p. 3 yds. 2 ft 11 in. 
8 

19 furlongs 
40 

781 poles 
11 



2 )8591 half yds. 
4295 yds. + 1 ft 6 in. rem. 
3 yds. 2 ft 11 in. added 

4299 yds. 1 ft 5 in. 
8 



12898 feet 
12 



154781 (reqtdred no. of inehe»\ 
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♦EXAMPLES. LV. 

Reduce to feet : 1. 2 ml 3 far. 4 p. 2 yds. 2. 8 mi. 2 fur. 26 p. 

8. 21 mi. 1 fur. 8 po. 6 yds. 4. 100 mi. 89 p. 1 yd. 1 ft. 6 in. 
Reduce to inches : 6. 10 mi. 8 fur. 10 po. 6. 1 mi. 2 fur. 21 po. 4 yds. 

7. 18 mi. 7 fur. 11 po. 1 yd. 8. 6 mi. 8 fur. 6 po. 4 yds. 6 in. 

9. 82 mi. 1 fur. 49 po. 4 yds. 10. 7 fnr. 49 po. 4 yds. 2 ft. 11 in. 
Reduce to yards : 11. 58 mi 8 fur. 89 po. 1 ft. 6 in. 

12. 82 mi. 1 fur. 21 po. 1 yd. 1 ft. 6 in. 13. 54 mi. 17 po. 4 yd. 1 ft. 6 in. 

Reduce to sq. inches : 14. 81 a. 8 r. 11 po. 15. 12 a. 85 po. 
16. 100 a. 1 r. 1 po. 29 sq. yds. 17. 3 r. 39 po. 25 sq. yds. 7 sq. ft. 
18. 121 a. 1 r. 29 po. 19. 16 a. 3 r. 15 po. 8 sq. yds. 

Reduce to sq. yds. : 20. 1 a. 2 r. 8 po. 4 sq. yds. 2 sq. ft. 86 sq. in. 
21. 5 a. 8 r. 7 p. 10 y. 2 ft. 86 sq. in. 22. 9 a. 29 po. 26 sq. y. 6 ft. 108 in. 
23. 224 a. 2 r. 26 p. 25 sq. y. 4i sq. ft. 24. 70 a. 27 p. 7 sq. y. 2^ sq. ft. 

107. The following examples will explain the converse 
operation. 

Example i. Itedtice 12345 iriches to yds, ft. inches. 

Process, 12)12345 inches 

3 )1028 ft. +9 inches 
842 yds. +2 feet 
Hence 12846 inches = 342 yds. 2 ft. 9 in. 

Example ii. Beduce 654821 drams to long tons, etc, 

(4 )654321 drams 
16-4 X 4| ^y^ggggp ^^ ^^ ^ ^^^ ^^^ ^ J ^^^ 

c 4)40895 oz. 
16=4x4' 



'{ 



4)10223 sets of 4 oz. each + 8 oz. \ _ - ^ 
28 = 4 X 7 i ^ )2555 lbs. +3 sets of 4 oz. each / -^^ *^ 
I 7)638 sets of 4 lbs, each + 3 lbs. \ >. ,, 
4)91 qrs. + 1 set of 4 lbs. J- - 7 lbs. 

20)22cwt. + 8qr8. 
Hence 654821 drs. = 1 ton 2 cwt. 8 qrs. 15 oz. 1 dr. 

Note. — If the question is to reduce inches to miles, or to miles, 
yds., etc. ; tlien we may divide the yards by 1760 and so reduce at once 
to miles. Also, in reducing to acres, reduce at once from sq. yds. to 
acres (by dividing by 4840), when the question permits. 
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EXAMPLES. LVI. 

Redace to £s. d,: 1. 1000 pence. 2. 12340 pence. 

3. 6543 half pence. 4. 12345 farthings. 5. 10000000 farthings. 

Reduce to dollars : 6. 744 cents. 7. A million cents. 8. 7653 cents. 

Redace to tons, cwt. lbs. etc. : 9. 10000 lbs. 10. 4564 oz. 
11. 83201 oz. 12. 68540 drams. 18. 42256 oz. 14. 149328 oz. 
16. 741,000,000 grs. 16. 456789 oz. 17. 3700102 drams. 

Reduce to miles, yds. etc. : 18. 40000 in. 19. 8750 in. 

20. 4567 ft 21. 4000001 in. 22. 26826 in. 23. 3706529 in. 

24. 2000000 in. 25. 700000 ft. 26. 797979 in. 27. 870870 in. 

Reduce to acres, sq. yds. etc. : 28. 888888 sq. in. 29. 9123400 sq. in. 
80. 432170 sq. in. 81. 120924 sq. ft. 82. 34512876 sq. in. 

Reduce to cub. yds. etc. : 83. 1000000 cub. in. 34. 456000 cub. ft. 
35. 8,156,740 cub. in. 36. 4,790,123 cub. in. 87. 33445566 cub. in. 

Reduce to gals. etc. : 88. Ten thousand pints. 39. 100000 hlf. pts. 

Reduce to bus. etc. : 40. 5000 pints. 41. 44567 pints. 

Reduce to weeks, days, etc. : 42. 40000 min. 48. 1000000 sees. 
44. Ten million sees. 45. 749600 min. 46. 8970000 sees. 

Reduce to lbs. etc. (Troy) : 47. 370451 grs. 48. 793684 grs. 

49. 373700 grs. 50. 419099 grs. 51. 3674610 grs. 

Reduce to cwt. lbs. etc., and also to lbs. Troy : 52. 47910000 grs. 
53. 89791000 grs. 54. 3697971 grs. 55. 89898900 grs. 

Reduce to right angles, deg. etc. : 56. 41234". 57. 56760*. 

58. A million sees. 59. 497643". 60. 12345". 

* Example iii. Reduce 654392 incJies to mileSy furlongs^ poles, etc 

Process, 12 )654392 inches. 

3 )54532 ft. + 8 in. 
18177 yds. 1 ft. 8 in. 

Eleven (half yds.) make 1 pole ; we must therefore reduce these 
yards to half yds., and we must notice that the remainder is 1 ft 8 in 
i,e. half a yard and 2 in. 

18177 yds. + half a yard + 2 in. 

2 _ - 



11 )36355 half yds. +2 in. 
40)3305 poles + 2 in. 

8)82 furlongs + 25 poles + 2 jLn* 
10 miles 2 furlongs 25 p. ^ in. 
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♦EXAMPLES. LVIL 

Reduce to mi. fur. po. : 1. 3825 yds. 2. 733333 ft. 8. 6144. yds. 
4. 3132000 m. 5. Ten million in. 6. Fifty thousand yds. 
7. 26826 in. 8. 3706629 in. 9. 6207653 in. 10. 12695^ ft. 
11. 4567890 in. 12. 6789012 in. 13. 887565 in. 14. 379123 in. 

Reduce to ac. r. po. etc. : 15. 33080000 sq. ft. 16. 8223700 sq. in. 

17. Four million sq. in. 18. 370000 sq. ft. 19. 120924 sq. ft. 

20. 34512876 sq. in. 21. 9786531 sq. ft. 22. 57625318 sq. in. 

23. 9631756 sq. in. 24. 7171717 sq. in. 25. 300303892 sq. in. 

108. The following examples may be noticed 

Example i. Hediice 7 naviiml miles to miles, yds, ft, 
( 6080 

. ..,.,{ 7 7 nautical miles contain 
A natUtcal mile 1 

contains 6080 ft., J 3 )42560 feet 

Lts\760 yards." ^ neOjUl!? yds. + 2 ft. 1760)14186(8 

Hence / 8 miles + 106 yds. 14080 



106 



7 nautical miles =8 miles 106 yards 2 feet 
Example ii. Redv^e 1000 weeks to years of 365 days, 
1000 weeks contain 
7 



A week contains 


365)7000 days 


365)7000(19 


7 days, and a year > 


19 yrs. 6$ days. 


366 


contains 366 days. > 






Hence 




3350 
3286 



66 
1000 weeks =19 yrs. 65 days. 

EXAMPLES. LVIII. 

' Reduce — 
1. 3000 QZ. of plate to cwt. lbs. 2. 10000 oz. Troy; to cwt., etc. 

8. 9 tons to lbs. Troy. 4. 1 cwt. to lbs. oz. dwt. grs. 
5. 1000000 grains to cwt. 6. 1 ton of water to gallons. 
7. 1 mi. 2 f. 3 po. to chains. 8. 7000 galls, of water to cwt. 

9. 1000 chains to poles. 10. 10000 chains to miles. 
11. 400 oz. Avoir, to oz. Troy. 12. 1300 weeks to years. 
18. Express (1 lb. Avoir. - 1 lb. Troy) in grains. 

14. Reduce 152 miles to nautical miles. 



90 



COMPOUND ADDITION 



CHAP. 



Compound Addition. 
109 Compound quantities are added as follows : — 

Example, Add together 11 yds. 2ft. 9 in., 8 yds. 1 ft. 6 in., 21 yds. 
10 in., 62 yds. 1 ft. 10 in. 

The quantities should be arranged thus : — 

Then adding the number of inches we find there are 
35 in. ; we divide this number by 12, and obtain i 
2 ft. + 11 in. Adding the number of feet (including the 
2 ft. from the inches) we find there are 6 ft ; we divide 
6 by 3, and obtain 2 yards. We then add the number I 
of yards, and obtain 104 yds. We thus obtain the 
required sum : 104 yds. 11 in. 



yds. 


ft. 


in. 


11 


2. 


9 


8 


1 . 


6 


21 


0. 


10 


62 


1. 


10 



104 . . 11 







EXAMPLES. LIX. 






Add togethei 


• the following : — 










cents. 




pence. 


inches. 


ft in. 


(Av.) lbs. 


oz. 


1. 71 


2. 


7 


3. 9 




4. 2 . 11 


5. 2. 


11 


62 




6i 


11 




1. 7 


3. 


5 


35 




5i 


8 




9 


16. 


4 


89 




11 


4 




1. 6 


5. 


7 








_7 






11 . 


15 


ft. in. 






ft in. 




ft. in. 


(Av.) lbs. 


oz. 


6. 6. 9 




7. 


8. 8 




8. 3.9 


9. 11 


10 


8. 4 






10. 6 




17.6 


6. 


8 


11 






7. 9 




18. 4 


4. 


11 


10. 6 






4. 11 




16.8 


_5_ 


9 


8. d. 






days hrs. 




ft in. 


(Troy) lbs. 


oz. 


10. 4 . n 




11. 


8. 6i 




12. 17 . llf 


18. 7. 


Of 


8.9 






9 . 10 




6. 4i 


4. 


6 


11. 61 






4. 6- 




3. 7:: 


6. 


9 


4. 9 






7.0: 




19 . 11 


7. 


lOi 


7.3: 






11 . 11: 




6. 7 


Ll. 


-4i 


lb. 02. 


dwt. 




tons 


cwt. 


lbs. 


£ s. 


d. 


14. 8.4. 


9 




15. 7. 


4. 


11 


16. 16. 5 


4 


5. 8. 


4 




27. 


3. 


4 


1. 19 


6 


20. 3. 


7 




6. 





11 


4. 7 


11 


1.7. 


9 




88. 


16. 


6 


. 8 


5 


82. 1. 


6 




100. 


13. 


4 


42 . 11 . 


9 


4. 8. 


4 




7. 


11. 


3 


80. 1 


1 
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£ 8. d 


£ t, d. 


£ 


s. 


d. 


17 


.3.4.9 


18. 8. 4. 7i 


19. 21 . 


10. 


6 




e.ioi 


92 . 16 . 3 


4. 


18. 


6i 




111 


17. 7J 


1 . 


17. 


9J 




20 . 14 . 7 


46 . 16 . 10 


8. 


19. 


10 




3. 7| 


3. 8. 7i 




4. 


Hi 




hra. min. sec 


tons cwt. lbs. 


days 


hrs. 


min. 


20. 


. 41 . 13 . 6i 


21. 71 . 16 . 7J 


22. 49 . 


1. 


Oi 




172 . 19 . 7i 


432 . 19 . 7i 


7. 


3. 


9J 




4732 . 17 . 11 


84 . 12 . li 


800. 


3. 


i 




49 . 3 . lOi 


3. 6. 8 


47. 


16. 


8i 




3. 6. 8 


6 . 13 . 4 


636. 


10. 


6 




74 . 13 . 4 


11. 3. 9i 


2. 


19. 


m 




days hrs. min. 


days hrs. min. 


miles 


yds 


. in. 


23. 


, 3 . 16 . 8i 


24. 5. 3. 8i 


25. 7. 


17. 


7i 




64. 3. 4 


10 . 14 . If 


84. 


13. 


4 




267 . 11 . 9 


171 . 12 . 6 


927. 


12. 


8 




42 . 17 . IJ 


4 . 19 . llj 


29. 


3. 


n 




537 . 11 . 7 


661 . 12 . 6 


6. 


11. 


Hi 




49 . 18 . 4i 


72 . 13 . 4 


42. 


3. 


Oi 




3 . 10 . 2i 


417. 2. 3 


125. 


10. 


, 




& 8. d. 


deg. min. sec 


cwt 


'lbs. 


oz. 


26 


7 . 19 . 3J 


27. 8271 . 16 . 2 


28. 2769 . 


10. 


8 




46 . 12 . 4 


6132. 6. 6 


36. 


11. 


2 




276. 4. 7i 


341. 1. 8 


472. 


13. 


10 




77. 7. 91: 


2748 . 18 . 3 


4792. 


18. 


4 




8760 . 10 . 6 


12 . 6 . 10 


3279. 


15. 


8 




795 . 15 . 3J 


234 . 10 . 9 


24. 


8. 


11 




20 . 4 . 4 


4167. 8. 6 


429. 


17. 


6 




813 . 11 . 7| 


329 . 18 . 6 


4198. 


16. 


. 4 




99 . 19 . Ill 


271 . 13 . 8 


263. 


10. 


6 




tons cwts. lbs. 


days hrs. min. 


cwt. 


lbs. 


oz. 


29 


. 3672 .6.9 


80. 2976 .7.6 


31. 527. 


9. 


8 




4278 . 18 . 6 


427 . 18 . 3 


8436. 


16. 


2 




236. 4. 1 


8729 . 16 . 6 


4167. 


9. 


8 




5982 . 14 . 6 


6298. 5. 8 


429. 


, 8. 


3 




3716 .8.4 


417 . 18 . 6 


927. 


16. 


7 




410 . 7 . 10 


809 . 16 . 


8. 


1. 


2 




6759 .0.6 


8792 . 6 . 11 


78. 


17. 


9 




4917 . 18 . 


4928 . 11 . 3 


429. 


0, 


6 




427 . 12 . 6 


29. 8. 2 


7283. 


18. 


6 




218 . 8 . 6 


68 . 16 . 3 


6432. 


12. 


3 




29 . 16 . 8 


8684. 9. 9 


710. 


10. 


6 




6374 . 8 . 11 


6 . 8 . 10 


636. 


8. 


2 




7109 . 16 . 7 


928. 4. 6 


42. 


3. 


.7 




492 . 17 . 6 


5432 .7.6 


9245. 


8. 


6 
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toiLj Aba. 


zz. 


dsy« 


hrs. min. 




days hrs, min. 


82. 274. 8. 


6 


88. 8274 


5. 


7 


84. 472 . 16 . 7 


329 . 14 . 


5 


329 


8. 


6 




7924 . 8 . 10 


7346 . 15 . 


8 


415 


2. 


9 




291 . 4 . 6 


2478. 8. 


5 


42. 


6. 


10 




468 . . 8 


724 . 13 . 


6 


2736. 


17. 


4 




9 . 15 . 2 


29.. 15. 


2 


9. 


15. 


7 




6824 . 14 . 5 


3456. 8. 


11 


8138. 


14. 


4 




8021 .3.8 


7268. 5. 


2 


725. 


4. 


6 




270 .17.4 


827. 6. 


9 


87. 


9. 


11 




986 . 15 . 6 


9. 11 . 


5 


234 


15. 


4 




46 . 19 . 8 


2345. 7. 


2 


9027. 


5. 


9 




12. 0. 1 


621 . 6 . 


9 


• 4378 . 


9. 


3 




9207. 5. 8 


1070- 2. 


8 


274 


2. 


5 




431 . 7 . 6 


294 . 15 . 


6 


42 


9. 


7 




79 . 18 . 11 


lbs. oz. dr. 




cwt. lb. 


oz. 




Gong^ 


tons cwt. qr. lbs. 


85. 3 . 7 . 10 




86. 2 . 21 . 


14 




87. 


21 . 11 . 2 . 14 


21 . 8 . 6 




3. 7. 


8 






471 . 8.3. 7 


4. 11. 7 




1. 4. 


5 






2 . 14 . 1 . 23 


9. 5. 




8. 27. 


6 






75 . 6 . . 21 


12 . 15 . 17 




1.9. 
Gong) cwt. qr. 


_9 
lbs. 




Gong 


666 . 17 . 3 . 9 


(long)cwt. qr. lbs. 


) tons cwt. qr. lbs. 


88. 10 . 2 . 20 




89. 77 . 2 . 


13 




40. 


5 . 17 . 2 . 25 


17 . 1 . 9 




85. 1. 


7 






47 . 18 . 1 . 1 


19 . 3 . 27 




90. 3. 


27 






371 . 10 . 2 . 


4 . . 16 




4.1. 


14 






37 . 11 . 3 . 15 


5. 3. 8 




81. 3. 


4 






42 . 3.2.19 


12 . 2 . 15 




7.8. 
oz. dwt 


26 
gr. 






77 . 7 . 3 . 27 


oz. dwt. gr. 


lbs. oz. dwt. gr. 


41. 7 . 7 . 7 




42. 9 . 4 . 







48. 


3. 3. 4. 


4 . 3 . 23 




3. 7. 


5 






2 . 16 . 13 


5 . 17 . 15 




10 . 14 . 


13 






5.0.0.0 


1 . 12 . 13 




5. 4. 


JO 






1. 9. 7. 14 


yds. ft. in. 




mi. fur. 


p. 






mi. flir. p. yds. 


44. 4. 2. 8 




45. 10 . 7 . 


27 




46. 


1 . 3 . 21 . 3 


21 , 1 . 10 




3. 6. 


31 






2 . 6 . 19 . 4i 


3.2.6 




41 . 3. 


9 






6. 7. 4.2 


.51 . 1 . 11 




61. 1 . 


39 






8 . 2 . 37 . 3i 


sq. yd. sq.ft. sq.in. 


ac. r. 


p. 






ac. r. p. sq.yd. 


47. 20 . 7 . 37 




48. 171 . 3 . 


25 




49. 


81 . 3 . 4 . 22 


41 . 6 . 108 




40. 2. 


35 






9 . 2 . 35 . 27 


7.8. 96 




6. 3. 


29 






84 . 1 . 37 . 21 


4 . 5 . 120 




77. 2. 


37 






9 . . 25 . 16 
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cub.yd. cab.ffc. eub.in. cab.yd. cub.ft. cub.in. cnb.yd. cub.ft. cnb.in. 

60. 61 . 18 . 550 51. 3 . 19 . 144 62. 7 . 8 . 12 

87 . 20 . 864 25 . 7 . 360 30 . 21 . 96 

3 . 6 . 72 27 . 26 . 960 49 . 25 . 972 
, 65 . 21 . 960 8 . 3 . 864 61 . 20 . 36 

gall. qt. pt bus. pk. qts. bus. pk. qts. 

58. 3 . 2 . 1 54. 4 . 2 . 1 65. 6724 .3.1 

4 . 3 . 1 J 5 . 3 . IJ 8137 . 2 . IJ 
10 . 2 . 3.1.1 965 . 8 . 

6 . 1 . Ij 6 . 2 . Ij 2506 .1.1 

hrs. min. sec da. hr. min. wk. da. hr. min. 

56. 21 . 31 . 25 67. 121 . 13 . 40 68. 1 . 4 . 21 . 30 

4 . 21 . 30 25 . 21 . 45 4 . 5 . 5 . 15 

20 . 29 . 45 8 . 6 . 25 8 . 6 . 23 . 45 

4 . 45 . 36 4 .* 23 . 49 10 . 3 . 10 . 30 

deg. min. sec. deg. min. sec deg. min. sec 

69. 3 . 12 . 15 60. 4 . 9 . 30 61. 11 . 14 . 45 

25 . 35 . 45 14 . 17 . 37 6 . 39 . 5 

18 . 9 . 30 29 . 39 . 45 4 . 1 . 45 

12 . 15 . 47 6 . 27 . 59 46 . 17 . 7 



Compound Subtraction. 

110. Compound quantities are subtracted as follows ; — 
Example, Subtract 6 cwt. 52 lbs. 8 oz. from 11 cwt. 50 lbs. 6 oz. 
cwt. lbs. oz. 
Process, 11 . 50 . 6 

6 . 52 . 8 



4 . 97 . 14 (Difference required). 

The mental process is as follows : — 

8 oz. and 14 oz. = l lb. 6 oz. ; put down 14 oz. and carry 1 lb. 

1 lb., 62 lb., and 97 lb. =1 cwt. 50 lbs. ; put down 97 lb. 
and carry 1 cwt. 

1 cwt., 6 cwt., and 4 cwt. =11 cwt. ; put down 4 cwt. 

Note. — * Carry 1 lb.' indicates that having made the lower line up 
to 1 lb. 6 oz. we are * 1 lb. to the good ' towards making the lower line 
up to the top line; * carry 1 cwt.' indicates that haying made the 
lower line up to 1 cwt. 50 lbs. we are * 1 cwt. to the good ' towards 
making the lower line up to the top line. 
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EXAMPLES. LX. 

1. From 26 yds. 2 ft. 8 in. 2. From 36 lbs. 10 oz. 18 dwt 

subtract 25 yds. 2 ft. 9 in . subtract 24 lbs. 10 oz. 19 dwt 

8. From ^365.64 4. From $300 

subtract $216.72. subtract $76.81. 

Subtract — 

6. 5 yds. 2 ft. 9 in. from 8 yds. 1 ft. 6 in. 

6. 4 yrs. 60 days 22 hrs. 54 min. from 6 yrs. 64 days 20 hrs. 60 min. 

7. £124. Is. lOd. from £150. 0«. Od. 

8. 3 sq. yds. 6 sq. ft. 70 sq. in. from 10 sq. yds. 

Find the difference between • 

9. £32. 14s. 7id. and £120. 12s. IJc?. 

10. 164.72 and $72.64. 

11. 1 ovt. 12 lbs. 10 oz. and 2 cwt. 

12. 23 tons 14 cwt. 21 lbs. and 30 tons 10 cwt. 
18. 1 ton 16 cwt. 1 lb. and 2 tons 10 cwt. 

14. 4 yds. 1 ft. 9 in. and 5 yds. 

By how much does the first of each of the following quantities 
exceed the second ? — 

15. 4 mi. and 3 mi 6 fur. 20 p. 

16. 4 mi. 25 yds. and 3 mi. 200 yds. 2 ft. 

17. 100 sq. yds. and 21 sq. yds. 4 sq. ft. 83 sq. in. 

18. 12 sq. yds. 4 sq. ft 72 sq. in. and 10 sq. yds. 7 sq. ft. 99 sq. in. 

What must be added to one of each of the following quantities to 
make the other ? — 

19. 4 ac. 120 sq. yds. 4 sq. ft. 72 sq. in. and 6 ac. 

20. 120 ac. 2 r. 25 p. 4^ sq. yds. and 121 ac. 3 r. 10 p. 2^ sq. yds. 

21. 20 cub. yds. 10 cub. ft. 144 cub. in. and 25 cub. yds. 

22. 3 galls. 2 qts. 1 pt. and 10 galls. 

23. 5 bus. 1 ])k. and 4 bus. 2 pks. 1 qt. 

24. 21 hrs. 21 min. 30 sees, and 1 day. 

25. 2 weeks and 1 wk. 4 da. 21 hrs. 30 min. 

26. 9 Avks. 4 ila. 16 hrs. 35 min. and 73 days. 

27. 3 deg. 20 min. 30 sec. and a right angle. 

28. 29" 41' 22" and 31" 21' 20". 
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111. The following method of subtracting the sum of 
several given compound quantities from a given compound 
quantity may be noticed. [See Art. 23.] 

Example. SvMract the mm of £4. 16s. 10<2., £21. 14<. 7<2., £39. 
18s. Ad,, and £121. 13s. lid, from £222. 10s. M. 

Process, 



£ 


s. 


rf. 


222 


10 


6 


4 16 10 


21 


14 


7 


39 18 


4 


121 


13 


11 


34 


6 10 



Result, 

The mental process is as follows : — 

11, 16, 22, 32d ; 2s. M, and 10^. = 3s. 6<i. ; put down 10, carry 8s: ; 
8, 6, 14, 18, 24s. and 6s. = 30s. ; put down 6, carry 80 ; 
80, 40, 60, 60, 70s. and = £8 : 10s. ; carry £3 ; 
8, 4, 13, 14, 18, and 4=22 ; put down 4, carry 2 ; 
2, 4, 7, 9, and 8=12 ; put down 3, carry 1 ; 
1, 2, and 0=2. 



EXAMPLES. LXI. 

1. Subtract the sum of 4 days 10 hrs. 6 min., 21 days 14 hrs. 6 min., 
and 82 days 21 hrs. 7 min. from 60 days. 

2. Subtract the sum of $21 19, $42.13, $171.16, $49.40 from $300. 
8. Subtract the sum of 6 yds. 2 ft. 10 in., 71 yds. 1 ft. 9 in., 32 

yds. 11 in. from 200 yds. 2 ft. 8 in. 

4. In one year a man spends 35 days in Boston, 67 days 5 hrs. in 
Philadelphia, 12 hrs. 26 mins. on the journey from Boston to Phila- 
delphia, 2 hrs. 65 min. on the journey from Philadelphia to Baltimore, 
and the rest of the year in Baltimore ; how long is he there ? 

6. A man's balance at his banker's is $2569.72 ; what will it be after 
he has drawn out $72.16, $66.23, and $96.34? 

6. Subtract the sum of £2. 15s. 9<i., £1. 14s. 8<i., 14s. Id., 16s. 9J(i., 
£8. 15s., and 3s. 6d. from £16. 14s. 1\d, 

7. Out of a 3-gallon vessel I till 4 vessels whose capacities are 1 gaL 
1 pt., 3 qts., 1 pt, and 1 qt. 1 pt. ; how much is left f 
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Compound Multiplication. 

112. The method by which the sum of a given number 
of repetitions of a compound quantity is found is called 
compound multiplication. 

Compound Multiplication is thus an abbreviaction of Compound 
Addition. 

Example, Multiply 16 yds. 2 ft. 11 in. by 6. 
That is, find the sum of 6 repetitions of 16 yds. 2 ft. 11 in. 
yds. ft. in.'v 

16. 2. 11 

16 . 2 . 11 



16 . 2 . 11 
16 . 2 . 11 
16. 2. 11 
16 . 2 . 11 

101 . 2 . 6 



►is abbreviated < 

The multiplication table being used as on 
page 19. 



yds. ft. 
16.2. 


in. 

11 

6 


101 . 2 . 


6 



EXAMPLES. liXII. 

Multiply — 

1. 18 ft. 6 in. by 4. 2. 13 lb. 4 oz. by 6. 

8. £4. S3. Ad. by 9. 4. £8. 9*. 6rf. by 8. 

5. 6 days 3 hrs. 21 min. by 11. 6. 2 miles 85 yds. 7 in. by 7. 

7. 3 cwt. 21 lbs. 7 oz. by 8. 8. $72.88 by 6. 

9. 12 yds. 1 ft 6 in. by 3. 10. 10 cwt 2 qrs. 20 lbs. by 12. 
11. 6 wks. 5 days 5 hrs. by 10. 12. 36 dog. 54 min. 21 sec. by 11. 

113. When the multiplier exceeds 1 2 and can be ex- 
pressed as a product of factors each less than 13, the 
following method should be used. 

Example, Multiply 7 yds. 2 ft 3 in. &y 42. 

yds. ft in. 
Process, 7.2.3 

(42 = 6x7) 6 

46 . 1 . 6=6 times 7 yds. 2 ft 3 in. 
7 



325. 1 . 6 = 7 X 6 times 7 yds. 2 ft 8 in. 
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EXAMPLES. 

Multiply— 

1. 5 wks. 4 days 8 hrs. by 24. 

8. 12 lbs. 4 oz. 6 dwt. by 42. 
5. 1 wk. 3 days 2 lira, by 81. 
7. $21.14 by 56. 

9. 1 sq. yd. 7 sq. ft. 8 sq. in. by 56. 
11. £8. les. Sd, by 10000. 
13. 14 sq. yd. 20 sq. In. by 4000. 
15. £2. lis. Id. by 7000. 
17. 1 ton 3 cwt. 4 lbs. by 36. 
19. 17 tons 1 cwt. 8 lbs. by 40. 
21. 4 lbs. 10 oz. 4 drs. by 25. 
23. 4 oz. 5 dwts. 6 grs. by 80. 
25. 6 fur. 78 yds. 2 ft. by 45. 
27. 5 a. 3 r. 10 p. by 72. 



LXIIL 



7 yds. 2 ft 11 in. by 32. 
11 yds. 1 ft. 7 in. by 48. 

3 qra. 17 lbs. 6 oz. by 63. 
2 days 6 hrs. 12 min. by 100. 
17 cwt. 64 lbs. by 1000. 

2 mi. 6 fur. 11 p. by 10000. 
1 sq. mi. 25 acres by 5000. 
7 bus. 3 pks. 6 qts. by 2400. 

4 tons 12 cwt. 70 lbs. by 42. 

3 tons 6 cwt. 64 lbs. by 70. 
3 cwt. 6 lbs. 5 oz. by 35. 

24. 2 lbs. 9 oz. 9 dwts. by 90. 
26. 1 m. 100 yds. 2 ft. by 100. 
28. 10 a. 2 r. 20 p. by 75. 



2. 

4. 

6. 

8. 
10. 
12. 
14. 
16. 
18. 
20. 
22. 



29. 3 sq. yds. 7 sq. ft. 120 sq. in. by 80. 

80. 30 sq. yds. 4 sq. ft. 100 sq. in. by 100. 

81. 80 gals. 3 qts. 1 pt. by 40. 82. 10 gals. 2 qts. 1 pt. by 108. 
83. 6 bus. 1 pk. 1 pt by 120. 84. 2 bus. 5 qts. 1 pt. by 120. 
86. 16 h. 30 m. 20 s. by 65. 36. 3 yrs. 110 d. 17 h. by 2400. 

.114. When the multiplier exceeds 12 and cannot be 
expressed as the product of simple factors, the following 
method should be used. 



Example. Multiply 11 sq. yds. 3 sq. ft. 8 sq. 

sq.yds. sq.ft. sq.in. 
Process, 



sq.yds. sq.ft. sq.in. 
11 . 3 . 8 



in. hy 366. 



10 



113. 3 



80 = 10 times 11 sq. yds. 3 sq. f t 8 sq. in. 
10 



1133. 8. 80 = 100 
3 



3401 . 7 . 96 = 300 
Multip.2dlineby6 680 . 3 . 48 = 60 
„ top line by 5 56 . 6 . 40 = 5 



4138. 8. 40 =365 
H 
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EXAMPLES. LXIV. 

Multiply — 

1. $6.25 by 365. 2. $75.21 by 443. 

3. $91.23 by IIL 4. $53.62 by 211. 

6. $72.72 by 407. 6. $311.81 by 1031. 

7. $112.34 by 2111. 8. $75.61 by 10101. 
9. 3 yds. 1 ft. 11 in. by 2201. 10. $98.98 by 30403. 

11. 3 tons 1 cwt. 14 lbs. by 411. 12. 2 tons 3 cwt. 27 lbs. by 3213. 

13. 4 m. 3 f. 120 yds. by 1530. 14. 1 m. 150 yds. by 503. 

15. 2 cub. yds. 3 cub. ft. 100 cub. in. by 301. 

16. 2 acres 100 sq. yds. by 601. 

EXAMPLES. LXV. 

Find the yalue of 

1. 40 things at 10c each. 2. 72 things at 9c. each. 

8. 120 at 7c. ... 4. 84 at He. 

5. 54 at $1.91 ... 6. 63 at $3.11 

7. 121 at $5.11 ... 8. 100 at $1.75 

9. 300 at $2.31 ... 10. 144 at $2.85 

11. 8 8it£2,68,Sd. 12. 7 at$76.91 

13. 24 at £7. 5*. 9d. 14. 42 at $15.62 

15. 73 ait£l,2s.6d, 16. 83 at$71.l7 

17. 131 at £2. 35. 4d. 18. 141 at $39.18 

19. 1101 at $7.17 ... 20. 401 at £21. 35. id. 

21. 1000 at 8c. ... 22. A gross at 6c. 

23. How many tons of coal will supply 12 fires for 28 weeks, each 
fire consuming 1 ton 42 lbs. per week ? 

24. Find the cost of 365 tons at $6.36 per ton. 

25. Find the value of 31 tons 5 cwt at 45c. per cwt 

26. What will $3.25 per day amount to at the end of a year T 

27. A farmer sold 320 sheep at a fair for $18.36 each and bought 
54 heifers at $77.25 each ; how much money did he carry home ? 
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Compound Division. 

115. OoxnpOTlIld Division is the converse of com- 
pound multiplication, and may be explained thus. 

A given compound quantity is to be divided into a 
given number of equal parts ; to find one of the parts. 

Eocample* Divide 17 yds. 2 ft. 4 in. by 5. 

yds. ft. in. 
Process, 5 )17 .2.4 

3.1.8 Quotient, 

The process is based upon the repetition of subtraction; it states 
that if 5 times 3 yds. 1 ft. 8 in. is subtracted from 17 yds. 2 ft. 4 in. 
there will be no remainder. The greatest multiple of 5 that can be 
subtracted from 7 is 16, that is 3x5. And if 5 times 3 yds. be sub- 
tracted from 17 yds., the remainder is 2 yds., i.e. 6 It. 

There are now 6 ft. +2 ft., i.e. 8 ft., from which 5 times 1 ft. can 
be subtracted, leaving 3 ft. remainder, i.e, 36 inches. 

There are now 36 in. +4 in., i.e. 40 in., from which 6 times 8 in. 
can be subtracted ; there is no remainder. Hence 5 times 3 yds. 1 ft. 
8 in. subtracted from 17 yds. 2 ft. 4 in. leaves no remainder. 

This is what is meant when we say that 17 yds. 2 ft. 4 in. divided 
by 5 gives Quotient 3 yds. 1 ft. 8 in. 



EXAMPLES. LXVI. 

Divide— 

1. $7.35 by 3. 2. $71.84 by 6. 

8. $61.74 by 9. 4. $36.20 by 10. 
5. $76.35 by 5. 6. $76.56 by 8. 

7. $62. 64 by 12. 8. $100.44 by 12. 

9. $48.38 by 9. 10. $762.41 by 11. 
11. $36.96 by 11. 12. $90.84 by 12. 

18. $762.75 by 9. 14. $231.55 by 11. 

Find t-o the nearest inch the result of dividing 

yds. ft. in. yds. ft. in. 

15. 23 . 2 . 10 by 3. 16. 7 . 1 . 2 by 12. 

17. 29 . . 11 by 9. 18. 98 . 2 . 5 by 11. 

19. 71 . 1 . 8 by 8. 20. 67 . . 5 by 7. 
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Note. — When there is a remainder after the division, we learn 
that the quotient, when multiplied hy the divisor, gives a product a 
little smaller than -the dividend ; also that if the quotient were in- 
creased by 1 inch, its product by the divisor would be a little larger 
than the dividend. A quotient can thus always be found, which is 
correct to the nearest inch. 

Example, Find to the nearest second the result of dividing 47682 
days 11 hi-8. 56 sec. by 100. 

days hrj. min. sec. 
Process, 100)476,32 11 56 (days 476.7 hrs. 47 min. 25 sec, Quotient, 
24 

To find the quotient when dividing 

7,79 by 100 we omit the last two digits in 

60 the dividend. 

The remainder is 56 sec. ; that is, 

47,40 100 sec. all but 44 sec. Hence if we 

60 multiply 476 days 7 hrs. 47 min. 24 sec. 

by 100 the product will be 56 sec. too 

24,56 little ; and if we multiply 476 days 7 

hrs. 47 min. 25 sec. by 100 the product 
will be 44 sec. too much. The last is 
therefore the nearest. 



EXAMPLES. LXVII. 

Divide — 

1. $492 by 100. 2. $7967.4 by 10* 

3. £56. 13,9. 4rf. by 100. 4. £523. 195. '2d. by 100. 

5. 813 yds. 32 in. by 100. 6. 363 yds. 1 ft. 7 in. by 100. 

Find to the nearest cent the result of dividing 

7. $765.42 by 10. 8. $962.38 by 10. 

9. $9321.76 by 10. 10. $7.01 by 10. 

11. $864.32 by 100. 12. $1929.10 by 100. 

13. $9269.98 by 100. 14. $9264.82 by 100. 

15. 98c. by 100. 16. 32c. by 100. 

Divide each of the following as nearly as possible into the given 
number of equal parts : — 

17. 1 ton 11 cwt. 63 lbs. into 10 equal parts. 

18. 3 mi. 127 yds. 2 ft into 100 eijual parts. 

19. .3 a. 1230 sq. yds. into 100 equal parts. 

20. 100 a. 1179 sq. yds. 6 sq. ft. 108 sq. in. into 10 equal parts. 
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Example. Divide 2318 oz. 13 dwt. 21 grs. by 139. 
oz. dwt. gra. oz. 
139 )2318 13 21(16 The process states that 1 39 times 
928 16 oz. 13 dwt. 15 grs. subtracted 

— gj from 2318 oz. 13 dwt 21 grs. leaves 

20 no remainder. 

1 Qft N-iono/i o A^ 139 times 1 6 oz. subtracted from 

I39 )l»9t$( 13 dwt. 2318 oz. leaves 94 oz. remainder. 
503 This 94 oz. with the 13 dwt 

86 gives 1893 dwt. 139 times 13 dwt 

24 subtracted from 1893 dwt leaves 

139)2085(15 grs. 86 dwt. remainder. 

-ggg- This 86 dwt with the 21 grs. 

•^ gives 2085 grs. 139 times 15 grs. 

subtracted from 2085 grs. leaves no 
remainder. 
Hence 16 oz. 13 dwt. 15 grs. is the required Qicotient. 

EXAMPLES. LXVIII. 
Divide — 
1. $144.96 by 96. 2. $724.80 by 151. 

3. $5939.28 by 678. 4. $989.88 by 876. 

6. 69 tons 7 cwt 14 lbs. by 411. 6. 480 tons 10 cwt 57 lbs. by 3213. 

7. 6798 mi. 120 yds. by 1530. 8. 545 mi. 6 fur. 210 yds. by 503. 
9. 636 cu. yds. 2 cu. ft. 724 cu. in. by 301. 10. £63. 17s. 6rf. by 365. 

Find to the nearest cent the result of dividing 
11. $37651.23 by 117. 12. $2345.67 by 337. 

13. $4300.25 by 213. 14. $7654.32 by 179. 

16. $6245.31 by 791. 16. $10000 by 561. 

Divide each of the following as nearly as possible into the given 
number of equal parts : — 

17. $33333.33 into 313 parts. 18. $65040.31 into 703 parts. 
19. $91919.19 into 901 parts. 20. $999.99 into 652 parts. 
21. $65.21 into 71 parts. 22. $762.31 into 75 parts. 

23. $988 into 63 parts. 24. £21. 13«. 4d, into 571 parts. 

Find 

25. 1 ton 5 cwt-^7. 26. 3 tons 1 cwt. 64 lbs.-^8. 

27. 33 tons 2 cwt 95 lbs. 15 oz.-i-ll. 

28. 228 tons 18 cwt 73 lbs. 12 oz.-j-76. 

29. 1 m. 297 yds. 1 ft 2 in.-^29. 30. 1111 a. 4598 sq. yds.-i-72. 
31. 37 m. 4 fur. 16 yds. 8 in.-^56. 32. 834 a. 1 r. 10 p.H-70. 

33. 479sq.yds. lsq.ftll2sq.in.-^80. 34. 3708 gals. -^ 96. 

30. 328 d. 6 h. 40 m.-M20. 36. 35** -J- 144. 
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♦EXAMPLES. LXIX. 

Multiply — 

1. 4 m. 11 p. 4 yds. (i) by 10, (ii) by 48. 

2. 21 m. 3 fur. 3 yds. 1 ft. 6 in. (i) by 32, (ii) by 23. 
8. 43 m. 3 f. 4 p. 1 yd. 6 in. (i) by 126, (ii) by 521. 

4. 3 fur. 27 p. 4 yds. 2 ft. 9 in. (i) by 37, (u) by 1421. 

5. 4 a. 3 r. 20 p. 5 sq. yds. (i) by 10, (ii) by 72. 

6. 27 a. 21 p. 27 sq. yds. 100 sq. in. (i) by 56, (ii) by 37. 

7. 49 a. 2 r. 37 p. 30 sq. yds. (i) by 132, (ii) by 437. 

8. 171 a. 39 p. 30 sq. yds. 1 sq. ft. (i) by 47, (ii) by 379. 
Divide — 

9. 10 m. 1 f. 6 p. (i) by 10, (ii) by 22. 

10. 4 m. 11 p. 4 yds. 1 ft. 6 in. (i) by 32, (ii) by 29. 

11. 109 m. 2 f. 17 p. 2 yds. 2 ft. (i) by 56, (ii) by 59. 

12. 47 m. 1 f. 20 p. 1 in. (i) by 67, (ii) by 167. 

13. 26814 a. 1 r. 32 p.l sq. ft. 3 sq. in. (i) by 10, (ii) by 72. 

14. 18917 a. 2 r. 7 p. 7 sq. yds. 3 sq. ft. 108 sq. in. (i) by 25, (u) by 54. 

15. 33 a. 2 r. 20 p. (i) by 37, (ii) by 127. 

16. 109 a. 2 r. 15 p. 12 yds. 2 ft. 6 in. (i) by 57, (u) by 159. 

116. In Art. 32, it is pointed out that DiyisioXL may 
be regarded in either of two ways. 

A quantity is to be divided into a number of equal 
parts, then: 

I. If we are told the number of the parts, we may, by 
division, find the value of one of the parts (Art. 115). 

II. If we are told the value of a part, we may, by 
division, find the number of the parts, as follows : 

Example. Divide 2318 oz. 13 d>vt. 21 grs. into eqtud parts, each 
equal to 16 oz. 13 dwt. 15 grs. 

oz. dwt. grs. oz. dwt. grs. 

16 . 13 . 15 (1) 2318 . 13 . 21 oz. dwt grs. 

10 1668 . 2 . 12 = 100 X 16 . 13 . 15 



166 . 16 . 6 (10) 650 . 11 . 9 

10 500. 8 . 18= 30x16. 13. 15 



1668 . 2 . 12 (100) 150 . 2 . 15 

150. 2. 15= 9x16. 13. 16 



139 
Thus 2318 oz. 13 dwt 21 grs. contains 139 such parts. 
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In the above process, we multiply the diyisor by 10 and the pro- 
duct by 10 as often as is necessary ; whence each digit in the quotient 
is found by multiplication ; and then the number of parts so obtained 
is subtracted from the dividend. 

Note.— Comparing the above with the Example given below, we see 
that the divisor and quotient are interchangeable [Art. 34]. The 
process of Art 115 is called partition, the above process is called 
qnotition. 

EXAMPLES. LXX. 

Divide — 

1. $75.03 by $1.23. 2. $6678.70 by $82.30. 

8. $4792.69 by $97.81. 4. £30. 6^. 8d. by £2. 6s. Sd. 
6. 84 yds, 1 in. by 7 yds. 1 ft. 11 in. 

6. 329 yds. 2 ft. 4 in. by 3 yds. 4 in. 

Find the quotient and the remainder in the division of 

7. 763 yds. 2 ft. 6 in. by 71 yds. 1 ft. 11 in. 

8. 10000 yds. by 24 yds. 1 ft. 6 in. 

9. 13456 days 6 hrs. by 365 days 6 hrs. 

10. 6732 days 6 hrs. 20 min. by 1 day 6 hrs. 20 min. 

11. 16 tons 11 cwt. 16 lbs. by 1 ton 1 cwt. 1 lb. 

12. 110 m. 6 fur. 70 yds. by 2 m. 1 fur. 16 yds. 
Divide — 

18. 7 tons 7 cwt. 25 lbs. 2 oz. by 16 cwt 36 lbs. 2 oz. 

14. 30 tons 18 cwt. 76 lbs. 8 oz. by 3 cwt. 68 lbs. 5 oz. 

15. 52 tons 17 cwt 84 lbs. by 37 cwt 78 lbs. 

16. How many bales of cloth at £1. 25. ll^d, each, can be bought 
for £126. 5s. bd. ? 

17. How many parcels each weighing 11 lbs. 4 oz. can be made up 
out of goods weighing 1 cwt. 1 lb. 4 oz. ? 

18. How many parcels, each weighing 41 lbs. 8 oz. can be made up 
out of goods weighing 1 ton, and what weight will be remaining ? 

The division of one quantity by another of the same 
kind may also be performed by ordinary long division, each 
quantity beiug first reduced to the same unit. 

Example. Find how many times 16 oz. 13 dwt. 15 grs. is amtained 
in 2318 oz. 13 dwt. 21 gre. 

Reduce each of these quantities to a simple quantity in terms of 
the same unit ; thus 

16 oz. 13 dwt 15 grs. =8007 grs. 
2318 oz. 13 dwt 21 grs. = 1112978 grs. 
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By dividing, we find that 1112973-s-8007=139 ; that is [Art 33] 
139 groups of 8007 grs. make up 1112973 grs. ; or, 16 oz. 13 dwt. 
15 grs. is contained 139 times in 2318 oz. 13 dwt 21 grs. 



EXAMPLES. LXXI. 

How many times is 

1. 1 cwt. 12 lbs. 3 oz. contained in 1 ton 14 cwt 77 lbs. 13 oz.? 

2. 1 mi. 100 yds. 2 ft. contained in 105 mi. 1266 yds. 2 ft. ? 

8. 16 hrs. 30 niin. 20 sec. contained in 37 days 19 hrs. 48 min. 
20 sec. ? 

4. £39. 18^. lid. contained in £1356. 16^. Bd, ? 
6. 7 yds. 2 ft. 9 in. contained in 174 yds. 6 in. ? 

6. 2 ac. 3 r. 32 p. contained in 44 ac. 1 r. ? 

7. 21 cub. yds. 22 cub. ft. 119 cub. in. contained in 1156 cub. yds. 
8 cub. ft. 1123 cub. in.? 

8. 3 cwt. 26 lbs. 8 oz. contained in 4 tons 8 cwt. 15 lbs. 8 oz. f 



MISCELLANEOUS EXAMPLES. LXXII 

1. A gold coin weighs 123 grains (Troy), how many can be made 
of 1 lb. Avoir, of gold ? 

2. Divide $525 equally to the nearest cent among 17 persons. 

3. If a person spend $2.09 per day, and during the year 1888 has 
saved $205. 72, what was his yearly income ? 

4. A man has to distribute 100 lbs. of sugar to the nearest oz. 
among 27 people, taking the remainder for his trouble. How much 
does he get ? 

6. A man buys 6 chests of tea weighing 400 lbs. each for $1400, 
and sells the tea at 72 cents per lb. ; how much does he gain ? 

6. Four tourists in England spend £21. 12^. in 9 days ; what does 
each tourist spend per day on the average ? 

7. How much would 6 tourists spend in 16 days if they spent as 
much per day as in question 6 ? 

8. A silversmith melts a silver dish weighing 96 oz., and forms of 
the metal 3 doz. dessert spoons, and 1 doz. table spoons ; thedoz. table 
spoons weigh 30 oz. ; find the value of a dessert spoon at 5s. per oz. 

9. A stationer bought 50 reams of paper at $3 a ream, and 70 
reams at $4.50 a ream ; find the whole cost, and how much he would 
lose if he sold the whole at $3.75 a ream. 
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10. A grocer buys 30 lbs. of tea at 48 cents a pound, and 50 lbs. of 
tea at 64 cents a pound, and having mixed them sells 40 lbs. of the 
mixture at 56 cents ; at what price per lb. must he .sell the remainder 
tliat he may neither gain nor lose ? 

11. A wine merchant pays $450 for a pipe {i.e. 126 galls.) of wine, 
and bottles it into an equal number of quart, pint, and half-pint 
bottles ; how many bottles of each size has he ? 

12. £1389. 14«. Sd, is composed of an equal number of groats (4d. 
pit'ces) and of florins (2s.) ; how many of each coin are there ? 

13. Goods are bought at 21 cents per lb., carriage and other ex- 
penses amount to 10 cents per lb., and they are sold at $21.60 jie.' 
« wt. ; what is the gain or loss per cwt. ? 

14. A man bought 1765 yards of linen at 56 cents per yard ; 20 yds. 
were soiled, and svere sold at 48 cents per yard ; he sold the rest at 60 
cents per yard ; what did he gain ? 

16. Distribute $169.33 among 23 men, giving 40 cents more to each 
of three of them than to each of the others. 

16. Distribute $286.73 among 50 men, giving twice as much to each 
of three of them as to each of the others. 

17. Distribute $4810.33 among 73 persons, giving $25 more to each 
of two of them than to each of the others. 

18. Divide 76 yds. 2 ft. 9 inches of cloth between two persons, 
giving one twice as much as the other. 

19. Divide 179 yds. 2 ft. 6 inches of cloth among A, B, and C so 
that for every inch given to A, B may have 3 inches, and C 2 
inches. 

20. Divide $18765.45 among 5 persons, so that one of them may 
have only half as much as each of the others. 

21. The total expense of 12 touri&ts at a hotel in England is 
£485. 175. 6d. ; 4 of them stayed 10 weeks, 4 of them stayed 11 weeks, 
and 4 of them stayed 9 weeks ; how much did it cost per week for 
one person ? 

22. Find the expense of covering the floor of a room containing 59 
sq. yds. 2 sq. ft. at 18 cents per sq. ft. 

23. The walls of a room contain 121 sq. yds. 8 sq. ft. 72 sq. in.; 
find the cost of papering at 20 cents per sq. ft. 

24. A man walks 100 yards taking 131 paces ; how many paces 
would he take in walking round the world, supposing the circumference 
to be 25,000 miles? 

26. A person buys 325 gallons of spirit at $2 a gallon, how much 
water must he add to it that he may gain $40 and retail the mixture 
at $1.50 per gallon I 

26. A man gives away $76.23, which is 9 cents for every $5 in his 
income ; what is his income ? 
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27. A, 6, and C have |197 among them ; B and C have to- 

g ether $131.59, and A and C have |164.24 together. How much 
asC? 

28. What was the day of the month 100 days after January 1, 
1886? 

29. The 16th of August 1886 was a Sunday ; what day of the week 
was January 1, 1886 ? 

80. Find the number of days between March 1, 1884 and August 
1, 1886, including one of the days named. 

31. Find the number of days from December 1, 1861 to June 1, 
1862 (including one of them). 

82. The London 'Times' on Thursday the 26th June 1886 was 
numbered 31,482 ; what was it numbered on the 1st of January 1886 ? 

33. The 1st of September 1885 was a Tuesday ; what day of the 
week was January 1, 1885 ? 

34. The London 'Standard* on Monday, August 31, 1886, was 
numbered 19,073 ; supposing the paper to have been published every 
week day, on what date was it numbered 18,000 ? 

36. What was the day of the week on which the first number of 
the London * Standard * (Question 34) was published ? 

36. Find the number of hours from noon on June 1, 1881 to noon 
on April 1, 1882. 

37. A tank which holds 1000 gallons weighs when empty 4 cwt. 20 
lbs. ; what is the weight of the tank when full of water ? 

[N.B. — A piiit of water weighs a pound and a quarter^ English 
measure.] 

38. What angle does the large hand of a clock describe in 10 
minutes ? what angle does the small hand describe in 10 minutes ? 

39. A, B, and C have $764 ; A has twice as much as B, and B has 
three times as much as C. How much has each ? 

40. Prove that if a man puts by a certain number of pence for each 
day in the year, he will at the end of a year have saved that number 
of sovereigns + the same number of half-sovereigns + five times same 
number or pence. 

41. If the earth made a complete revolution every 24 hours, through 
what angle would it turn in 5 minutes ? 

42. If the moon made a complete revolution in her orbit in 28 days 
12 hours, how long would she take to describe a right angle in her 
orbit ; and how long to describe 2 minutes ? 

43. The circumferences of the large and small wheels of a bicycle 
are respectively 165 in. and 40 in.; how many more turns will the 
latter have made than the fonner in going a distance of 16 miles ? 

44. Taking the length of the year as exactly 365 days 6 hrs. 48 
min. 48 sees., what will be the error in the calendar at the end of 400 
years, in which there are 97 leap years ? 
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117. The following are examples of the multiplication 
and division by fractions of compound quantities : — 
Example i. Multiply 6 yds. 2 ft. 10 in. ly 3^. 
That is, find the value of (3 + A) repetitions of 6 yds. 2 ft. 10 in. 
yds. ft. in. 
Process, 6 . 2 . 10 

2 

8 =6 yds. 2 ft. 10 in. x 2. 

x3. 
Adding 21.2. 3^ = „ „ x(3+A). 

9 or K V 7 

Note. — To multiply by Z:r^t that is, ^r* or -tt-, we may con- 
veniently first multiply by 5 aud by 7, and then divide the result 
by 11. 

Example ii. Divide 8 yds. 1 ft. 10 J in. by 4|V of 1|. 

QJnno il i3 49 10 7x5 -5 

Since 4^xl-=-Xy=_ = 5-, 

therefore, to divide by Sf, we must multiply by A-* that is, we must 
multiply by 6 and divide by 36. 

yds. ft in. 
Process, 8 . 1 . lOi 

6^ 

6 )51 .2.3 =8 yds. I ft. lOJ in. x 6. 
7 )10 . 1 , Of = „ „ xj. 

1.1. 5A = >» >> xA. 

Note. — Having divided the inches by 7, remainder is If in.=t in, 
which, divided by 7, gives ^ in. 



EXAMPLES. T.XXTTT. 


Find the value of 






1. ^ of 1 yd. 1 ft. 7 in. 


2. 


16.85 X |. 8. 3i of 3 cwt. 21 lbs. 


4. 4i of 7 days 6 hi-s. 


6. 


3^ of 878, 63. 6. 6f of 11 yds. 9 in. 


7. 4| of 1 ton 2 cwt. 3 lbs. 




8. 8t of 7 tons 1 cwt. 22 lbs. 


9. $564.32x2f. 




10. 816.42 x4A. 


11. (3i + 5i)of$60. 




12. $5f + $8^. 


13. 3 mi. 200 yds. -7-\. 




14. 671 yds. 1 ft. 10 in. -5-34. 


16. f965.13-r-8i. 




16. 8721.10-^7f. 
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17. 10 yds. 1 ft. 6| in.-r5i. 18. 49 yds. 1 ft. 6^ in.-^2f 

19. 1166.54^4^. 20. 3 days 14 hrs.-i-5f. 

21. t of 4 tons 3 cwt. 22. f of 3 cwt 35 lbs. 

28. I of 5 a. 100 sq. yds. 24. 5^ of ^ of 12 yds, 1 ft. 3 in. 

26. 48i of 12 c. yd. 100 c. in. 26. 24 (H-f) of 3 bus. 2 pks. 

27. 4 a. 130 p.-^A- 28. 5 a. 1243 yds. 3 ft-r-^. 

29. 4 mi. 1320 yds.~2|. 30. 4 bus. 3 pks. 4 qts.-T-(i-i). 
81. $365.42-r-(3iof 6^). 32. $10,000-^(3^ of |). 

83. (3j+4?)ofl^of£l. l5. Id. 34. f of f of if of £10. 10«. 

86. 3i of 3i of 89 yds. 1 ft. 71 in. 36. 6^ of ^rKl ^ ^4. 6s, Sd, 

87. 27i of 4 d. 6 h. 20 miii. 88. $42.66-T-?i^^. 

89. 3i of 5i of $7 - 5i of 4^ of $3. 50. 

40. 4f of $65.32 + 5f of $71.21-H of $660.72. 

41. I of $1+ A of $4. 62 -A of $76. 15. 

42. 2i of 4f of $61. 35 - 5f of 9i of $8. 82. 

43. i of 12 yds. 1 ft. 10 in. - ^ of 2 yds. - ^^ of 20 yds. 6 in. 

44. 7i of 1 mile + 2^V of 1 furlong - 3^ of 1 mile 1 furlong. 

118. One quantity is said to be expressed as the frac- 
tion of another quantity of the same kind when the first 
quantity is expressed in terms of the second quantity as unit. 

The number^ whole or fractional, which indicates a quantity in 
terms of a second quantity as unit, is .the number of tiroes >^hich the 
first quantity is of the second ; hence, 

To express one quantity as the fraction of another we must find how 
many times the first contains the second. 

Example i. Express 6 lbs. 10 oz. 124 dwt. as the fraction of I lb. 
In other words, reduce 6 lbs. 10 oz. 12 J dwt. to lbs. 

METHOD I. 12^ dwt. = ^ dwt. = |^ oz. =| oz. ; hence 10 oz. 1 2idwt. 
= 10| oz. = Y oz. =U lb. ; thus, 6 lbs. 10 oz. 12^ dwt. =6|| of 1 lb. 

Or shortly thus: 6 lbs. 10 oz. 12^ dwt.=6l5|4 lbs. =6^ lbs. 

= 6|f lbs. 

METHOD II. 10 oz. 12^ dwt. = ^^ dwt. ; 1 lb. = 240 dwt. ; hence, 10 

AOK 

oz. 12i dwt. = ^^^^Q of 240 dwt. = 11 of 1 lb. ; therefore, 6 lbs. 10 oz. 
12i dwt. = 6|| lbs. = 6ff of 1 lb. 
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Example ii. Express 3 days 10 hrs. 21 min. as the fraction of 14 
hrs. We must express each compound quantity as a simple quantity 
in terms of the same unit 

METHOD L Express each quantity in terms of the highest denomi- 
nation, that is, in tenns of 1 day. 
Thus 3 days 10 hrs. 21 min. 

=3 2r^^y«=^^^y«=^24^r2o^y«=^io^*y«=i6o^^y^ 

also 14 hrs. = ^^ day = jg ^*y- 

Then 3 days 10 hrs. 21 min. = j|? day =^ of ^ day 

549x12 ., .. 549x3 . , , . 1647 ,-^ , 
= 160^' *^**^«:40^» that IS -ggj of 14 hrs. 

METHOD n. Express each quantity in terms of the loujest denomi- 
nation, that is, in terms of 1 minute. 

Thus 3 days 10 hrs. 21 min. =4941 min., 
and 14 hrs. = 840 min. 

4941 
Then 3 days 10 hrs. 21 min. = -^ of 840 min. 

1647 --., 
="280^^^^^^ 

119. DEF. The ratio of one quantity to another of 

the same nature is that relation of the quantities to one 

another which is expressed by the number (whole or 

fractional) of times which the first quantity is of the 

second. 

.Thus, the ratio of one quantity to another is that which expresses 
their relative size. 

Example, The ratio of |21 to |6 is ^ ; for $21 is V times |6. 

•21 
The ratio of %2l to ^ is written thus, |21 : |6, or thus, ^ . so that 

^o 
$4 50 
$4.60 : $3.25, or Jo-qk ^ * convenient abbreviation for 

(i) the number of times which $4.50 contains $3.25, 
or (ii) the quotient when $4.50 is divided by $3.25, 
or (iii) the number expressing $4.50 in terms of $3.25, 
or'(iv) the measure of $4.50 in terms of $3.25, 
or (v) the fraction which $4.50 is of $3.25, 
or (vi) the ratio of $4. 50 to $a 25. 
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EXAMPLES. LXXIV. 

1. Reduce $7.50 to the fraction of |1. 

2. Reduce |18.60 to the fraction of $1. 
8. Express $17.50 as the fraction of $5. 
4. What fraction of |5.50 is $13.20 ? 

6. How many times does $102.25 contain $6.25 ? 

6. What part of $6. 61 is $1 . 56 ? 

Express each of the following 12 quantities as the fraction of its 
higher denomination. 

7. 1 yd. 5J in. 8. 3 cwt. 7 lbs. 4i oz. 9. 21 yds. 31J in. 
10. 1 yd. 1 ft. 1 in. 11. 5 cwt 70 lbs. 10 oz. 

12. 2 tons 11 cwt. 87 lbs. 8 oz. 13. 3 mi. 168 yds. 2 fb. 

14. 3 yds. 2 ft. 9 in. 15. 1 cu. yd. 20 cu. ft. 144 cu. in. 

16. 3 days 4 hrs. 10 min. 17. 3 a. 5 p. 11 sq. yds. 

18. 3** 21' 45". 

19. Reduce 1 ft. 1 in. to the fraction of 13 yds. 1 ft. 1 in. 

20. Reduce 3 cwt. 62 lbs. 8 oz. to the fraction of 1 cwt 75 lbs. 

21. Reduce 4 tons 5 cwt. 31 lbs. 4 oz. to the fraction of 5 tons. 

22. What fraction of 3 mi. 4 fur. is 1 mi. 220 yds. 2 ft. ? 

28. What fraction of 4 cu. yds. 9 cu. ft. is 8 cu. ft. 432 cu. in. ? 
24. What fraction of 1 ac. 3 r. is 480 sq. yds. 4 sq. ft. 72 sq. in. ? 

Simplify— 

2 yds. 6 in. 96 cents. 3 yds. 1 ft. 

2 mi. 96 yds. 69 dollars. 4 yds. 6 in. 

3 cwt. 62 lbs. 8 oz. 4 tons 5 cwt 31 lbs. 4 oz. 

1 cwt 75 lbs. * 5 tons 10 cwt. 

80. Reduce 1 ton 2 cwt. 10 lbs. to the fraction of 1 cwt 5 oz. 

81. Reduce 2 yds. 2 ft 11 in. to the fraction of 14 yds. 2 ft 7 in. 

82. What part of 7 yds. 2 ft 10 in. is 10 yds. 2 ft 7 in. ? 

33. When the unit is $10, what does } represent ? 

34. 5 lbs. 5 oz. 6 dwt. is represented in terms of a certain unit by 
\ ; what is that unit ? 

36. Express 2 cwt 87 lb. 8 oz. in terms of 5 tons as unit. 

36. Express 5 tons in terms of 2 cwt 87 lbs. 8 oz. as unit 

87. What part of a nautical mile is 7 furlongs ? 

88. When $100 is the unit, how much is 37^ (units)? 

89. What is the ratio of 4 tons 17 cwt. 62 lbs. 8 oz. to } cwt I 

40. What is the ratio of 3 yds. 2 ft 9 in. to 1 mi. ? 

41. What is the ratio of $4.75 to $5.86 ! 
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Example, Reduce 3f of 2 oz. 15 dwt. to the fraction of If of 3 oz. 
17 dwt. 

3f of 2 oz. 16 dwt. is ft ^^^^'- 1^^^^ of If of 3 oz. 17 dwt. 
^ 15 of 3 oz. 17 dwt. ^ 

[Art. 119.] 

Hence, the required fraction is 

3f of 2 oz. 15 dwt _ 3f of 55 dwt. _ 24 x 7 x 55 _ 10 
If of 3 oz. 17 dwt "If of 77 dwt ""12 x 7 x 77~ 7 * 

Thus 3f of 2 oz. 16 dwt is V of (If of 3 oz. 17 dwt) 

EXAMPLES. LXXV. 

1. Express 4^ of $32.16 as the fraction of 5^ of |38.40. 

2. Express 1^ of $2.22 as the fraction of ^ of $5.25. 

3. Express 2J of 2 ft 4i in. as the fraction of 5i of 3 yds. 1 ft. 

4. Reduce 4^ of 2f of $427 to the fraction of 13^ of 4i of $45.61. 
6. How many times is 2 lbs. 5 oz. contained in Z\ of 9^ cwt ? 

6. What fraction of 4^ of 6 cwt. 88 lbs. is 2^ of 1 lb. 5 oz. ? 

7. What fraction is 3^^ of 1 ton 3^ cwt. of 5f x 4 tons 5^ cwt ? 

Simplify — 

3i of 7 yds. 4 in. foff ofl ft. 

A of 3 yds. 1 ft 5 in. ' H yds. 

2i of $68. 92 6i of 29 sq. ft. 

^®* 9i x $87.81 • ^^' f of 17 sq. yds. 

4|of 6f ofl ft. 6 in. f of 1| of 37 yds. Sjin. 

^^ 3t X 5f of 6i in. ^'' f of 1* of 6 ft 5 in. 

14. What fraction of af of 171 yds. 2 ft. 9f in. is equal to 2| of 
286 yds. 1 ft 8i in. ? 

15. What part of $5. 15| is A of $24. 76 ? 

16. Express 1^ of 7 yds. in terms of 1^ of 6^ poles. 

17. The unit is 21 tons 7 cwt., and the number applied to the unit 
is -rfV of 7 J, what is the quantity ? 

18. Express the sum of ^ of the number of days in January 1886, 
■f^ of the number of days in February 1888, and f of f of the number 
of days in the year 1900, as the fraction of the number of days in the 
year 1880. 

19. What is the ratio of an oz. Avoir, to 1 oz. Troy ? 

20. Express 21 m. 3 fur. 23 p. as the fraction of a mile, and- 
multiply 43 yds. 1 ft. 6 in. by the result. 

21. Find the value of 7 m. 330 yds. of telegraph wire at $28.32 per 
mile. 

22. Find the value of 52 a. 130 p. at $756.64 per acre. 
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THE METRIC SYSTEM 



1 20. A decimal system of weights and measures, called 
tlie Metric System (see p. 143) is used in scientific 
treatises, and is in genei-al use on the continent of Europe. 

In the Metric system the unit of length is called a 
Metre (it contains 39*37079 inches). 
The Table is as follows :— 



10 metres = 1 decametre. 

10 decametres =1 hectometre. 
10 hectometres =1 kilometre, 
etc. 



^ of a metre = 1 decimetre. 

^ of a decimetre =1 centimetre. 

^ of a centimetre = 1 millimetre. 

etc. 



Example. A certain line cotUains 4700*125 metres; express its 
length as a compound quantity. 

Jt^-siUt. 4 kilometres, 7 hectometres, 1 decimetre, 2 centimetres, 
5 millimetres. 



EXAMPLES. LXXVI. 

Express in kilometres — 

1. 3742 metres. 2. 40000 metres. 3. 3 '42 metres. 

Express in centimetres — 

4. 12 '3 metres. 6. 403*36 metres. 6. *09 metre. 

7. 1 kilometre. 8. "031 kilometre. 9. 0003 kilometre. 

121. A decimal system of weights and measures is 
practically used whenever any quantity is expressed in 
terms of a single unit in the decimal notation. 

It is quite unnecessary to assign a name to every 
decimal multiple or submultiple of the unit 

Example. A length may be recorded aa containing 39*1393 inches. 

122. We give some examples of the reduction of 
simple decimal quantities from one unit to another. 



Example i. 

Jteduce £4*11875 to pence. 
Process, 4-11875 pounds 

20 



82 •375(^ shillings 
12 



Result, 988 -SQ^ pence. 



Example ii. 

Reduce 143564 oz- to tons- 
Process, / 4)1 43564 oz. 
I 4 )35891 
100)8972*75 lbs. 
20 )89-7275 cwt 
Result, 4*486375 tons. 
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EXAMPLES. LXXVIL 

Reduce — 

1. 45*6 lbs. to oz. 2. '00625 of 1 sq. yd. to sq. in. 

3. '36875 days tp minutes. 4. '625 of a guinea to pence. 

5. 4*3727 tons to lbs. 6. 3*59375 of 5 yds. to inches. 

7. 7 6375 acres to poles. 8. 4 '609375 tons to lbs. 

9. -46875 cwt. to lbs. 10. 3*68125 days to seconds. 

11. 2 '4 123 miles to yds. 12. 3*412 acres to sq. yds. 

13. 4563 minutes to days. 14. 365*241 pence to pounds. 

16. 34567 -4 lbs. to tons. 16. 7 lbs. to tons. 

17. 123471 sees, to days. 18. 11000 yds. to miles. 
19. 121 lbs. Avoir, to lbs. Troy. 20. 2345 pints to bushels. 
21. 491 lbs. to tons. 22. 270 sees, to days. 

23. 123458 grains to tons. 24. '891 sec. to degrees. 

1 23. Compound Quantities may be reduced to Simple 
Quantities, and vice versa. 

Example i. Bediice £4 '11 875 to £ s. d. 

Process, 4 11 875 pounds. \ The £4 is not reduced 

20 I to shillings ; 

2 '375^ shillings. > the 2s. is not reduced 
12 j to pence. 

T5^ pence. / Hence, £4*11 875 = £4JsJ^. 

Example ii. Meduce 6 miles 4 fur. 38 yds. 18 in. to miles. 
Process, 1 6)18 in. 18 in. is reduced to yds. by 

I 6)3 dividing by 6 x ; the 38 yds. 

} 11)^ yds. ^ ^^'^ ^ ^* ' ^^^ "^ °^ 

\ 20)3*5 

8) 4*175 fur . 
Result, 6-521875 miles. 



EXAMPLES. 


T.xxvrn. 


Express as compound quantities— 




1. £3*45. 


2. 1-41625 yds. 


3. 21*36875 miles. 


4. 13-4375 acres. 


5. 2-375 tons. 


6. -365625 of 5 yds. 


7. 2*459375 of 2 tons. 


8. 6-84375 of i ton. 


9. 3*65625 of 36 lbs. 


10. '431246 of 100 days. 


11. '474609376 of 256 days. 


12. 1 "2371 of 2 years. 


13. 2-8175 of 21 cwt. 

I 
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Express as simple decimal quantities in terms of the unit given — 
14. 8 yds. 1 ft. 6 in. as dec. of 1 yd. 15. $36-96 as dec. of $2*31. 
16. 6 yds. 2 ft. 9 in. „ | yd. 17. 21 lb. „ 1 ton. 

18. 1^ in. as dec. of 9 yds. 2 ft. 19. 216 sec. ,, 1 day. 

Express each of the following as a decimal of its highest denomina- 
tion — 

20. 1 ton 4 cwt. 37 lbs. 8 oz. 21. 3 miles 3 fur. 121 yds. 

22. 1 week 2 days 15 hours. 23. 1 day 3 hrs. 9 min. 27 sec. 

24. 1 bush. 1 pk. 3 qts. 1 pt. 25. 10 miles 3 fur. 33 yds. 

26. 11 tons 12 cwt. 2 lbs. 27. 1 pole 2 yds. 2} in. 

28. 2 gals. 2 qts. 1 gill. 29. 1 ac. 3 r. 15*45 p. 

1 24. To express one compound quantity as the decimal 
of another we proceed as in Art. 118, Example ii, and 
convert the resulting vulgar fraction to a decimal 

Example i. Reduce 1 yd. 1 ft. 4 in. to the decimal of 2 yds. 1 ft. 
9 in. 

The required decimal is equal to the fraction » ' , ' , x. ' ^ •' * 
^ ^ 2 yds. 1 ft. 9 in. 

that is to 11= -6591397 etc' 

Hence 1 yd. 1 ft. 4 in. = '559139 etc. of 2 yds. 1 ft. 9 in. 

Example ii. Find the value of '625 of 34 days 9 hrs. 20 min. 
.fi9K«625_25__6. 
^^^"i000~40-"8' 

hence '626 of 34 days 9 hrs. 20 min. =^ of 34 days 9 hrs. 20 min. 

= 21 days 11 hrs. 50 min. 
[Art. 117. 
Exa/inple iii. Find the value of '627 of 2 tons 11 cwt. 81 lbs. 

Reducing 2 tons 11 cwt. 81 lbs. =5181 lbs. 
Multiplying by '627 

36267 
10362 
31086 
Reducing to tons, cwt. lbs. 100 )3248-487 lbs. 

20 )32-48 lbs . 

Hence '627 of 2 tons 11 cwt. 81 lbs. =1 ton 12 cwt. 48-487 lbs. 

[See Arts. 130, 156. 
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Example iv. Reduce 6} of 5 miles 20 yds. to the decimal of biof 1 
mUe 130 yds. 

Here 6i of 6 miles 20 yds. is M^^^g^ „, (6j „„ ^e 

130 yds.) [Art. 119. 

m, . .^.'^ . 23 X 8820 23 X 21 X 21 X 20 46 ^ , , ^ 
This fraction is ,^3-^, or ^1x21x90 - «^ T' °^ ^'^^^ ' ' ' 

Hence Sf of 5 miles 20 yds. is 5 111 ... of (5 J of 1 mile 130 yds.) 

Reduce- EXAMPLES. LXXIX. 

1. 9 in. to the decimal of 2 ft 

2. 33 yds. 7 in. to the decimal of 53 yds. 4 in. 

8. 5 yds. 1 it. li in. to the decimal of 17 yds. 2 ft 9 in. 

4. 6 ft 6| in. to the decimal of 5 ft. 3 in. 

5. 1 yd. 3J in. to the decimal of 35 yds. 1 ft 8 in. 

6. 1 day 7 hrs. to the decimal of 31 days. 

7. 1 day 1 hr. 45 min. to the decimal of 3 days 11 hrs. 20 min. 

8. 2 cwt 8 lbs. to the decimal of 81 lbs. 4 oz. 

9. 14 lbs. 15 oz. to the decimal of 3 lbs. 12 oz. 

10. 6 cwt. 84 lbs. 6 oz. to the decimal of 1 ton 2 cwt. 22 lbs. 

11. 2 tons 3 cwt. 75 lbs. 2 oz. to the decimal of 10 tons 7 cwt. 
23 lbs. 10 oz. 

12. 6 ft 5 in. to the decimal of 8 ft 8 in. 

13. 1 mi. 560 yds. to the decimal of 1 mi. 240 yds. 

14. 5 a. 3 r. 15 p. to the decimal of 1 a. 2 r. 32 p. 

15. 1 day 19 hrs. 10 m. 30 sec. to the decimal of 1 day 3 hrs. 46 m. 

40 860. 

16. 7 bus. 3 pks. 4 qts. to the decimal of 31 bus. 1 pk. 

17. 3 cu. yds. 6 cu. ft. Ill cu. in. to the decimal of 5 cu. ft 1360 
en. in. 

18. 27 sq. yds. 8 sq. ft. 123 sq. in. to the decimal of 7 sq. yds. 
4 sq. ft. 64 sq. in. 

Find the value of— 

19. -375 of 2 yds. 8 in. 20. '275 of 56 days 16 hrs. 
21. -01875 of 1 cwt. 40 lbs. 22. 37-376 of 3 tons 4 cwt 

23. 9*68126 of 5 hrs. 20 min. 

24. 3-4375 of 3 sq. yds. 6 sq. ft. 104 sq. in. 

25. -12345 of 27 tons 1 cwt 26. 3-742 of 1 cwt 76 lbs. 

27. 4-1276 of 1 yd. 2 ft 9 in. 28. 6-7425 of 1 day 1 hr. 1 m. 

29. 87*437 of 41 days 23 hrs. 
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Express as compound quantities — 

30. -93375 of 6 tons - '628125 of 1 ton. 

31. '5 cwt. + 7 of 6 cwt. + -125 of 1 ton. 

32. -006 tons + '03 cwt. + '09 of 25 lbs. 

33. -00465 mi. +2-745 fur. 34. 3-64 ml -6*42 fur. 

36. 2-325 cwt. - '075 tons. 36. 31*14 gal. - -357 pt& 

37. 3-075 fur. -H mile. 

38. ^ of 20 lbs. 3 oz. + '875 of 1 lb. 8 oz. 

39. -148 of 1 ton + 314 of 1 cwt. + 10-26 of 1 lb. 

40. f of 76 days 6 hrs. + -855 of 30 days. 

41. -2375 of 13 tons 15 cwt. - '427125 of 1 ton. 

42. 3-823 tons + 7 -475 cwt. +3*5 lbs. 

43. 3-1625 of 7i miles + 8375 of 1 mile. 

44. -428 of 23 yds. 1 ft. + 5 '29 of 5 yds. 2 ft. + 15 -85 of 4 in. 

46. Express -425 of 29 tons 8 cwt. as the decimal of 6| of 6 tons 
2 cwt. 50 lbs. 

46. What decimal is 5^ of £4. 5*. 6rf. of 2f of 11*. lOJ/i.? 

47. Reduce | of y\ of 40 yds. to the decimal of ^ of 1 mi. 4 fur. 32 p. 

48. Express 2| of 1 ton 19 cwt. 7 lbs. as the decimal of 5f of 125 
cwt. 2-4 lbs. 



MISCELLANEOUS EXAMPLES. LXXX. 

1. A pendulum vibrates 1*375 times in a second ; how many times 
will it vibrate in a week ? 

2. Add together 3*075 cwts. and 4*35 lbs., expressing the sum in 
ounces. 

3. Express in yds. 1 03125 miles- 7-3125 fur. 

4. Express '50612 of 2 cwt. 8| lbs. in ounces. 

6. What decimal of 4 yds. 6 in. is ^^ of 10 yds. 2 ft 6 in. ? 

6. Express '05735 miles + 46 '25 yds. as the decimal of 7 furlongs. 

7. Three clocks all indicate 12 noon ; one gains 90 sec. per hour, 
the second gains 80 sec. per hour, and the third loses 60 sec. per hour ; 
how long will it be before the large hands all indicate the same 
minute ? 

8. A room is of length 22 ft. 2 in., breadth 20 ft. 7 in., height 
12 ft. 8 in. ; what is the greatest length that exactly measures each of 
these ? 

9. Express in terms of $4 as unit, the difference between $9 x A 
and $9^. 

10. Express 6 days 13 hr. 45 min. 37*92 sec. in weeks. 
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11. An English pint contains 34f cubic inches ; what is the ratio 
of the cubic capacity of a pint to that of a cubic foot ? 

12. Two poles measure 4 yds. 2 ft. 1 in. and 8 yds. 11 in. respect- 
ively ; find their greatest common measure, i.e. the longest length 
that each pole contains a whole number of times. 

[N.B. — The highest common factor of two numbers is often called 
their Greatest Common Measure.] 

13. Find the Greatest Common Measure of 8 days 10 hrs. 6 min. 
and 26 days 16 hrs. 42 min. 

14. Find also their Least Common Multiple. 

16. What is the ratio of {(i^^ + ^ + ^t)-^ A^ o^ 2:^} ^^ ^^ ^^y^ 
12 hrs. to 21 weeks 3 days 12 hrs.? 

16. What decimals of a pound are 9 '33 pence and '78 of a farthing? 

17. The circumferences of two wheels measure 336 and 812 tenths 
(»f an inch respectively ; find the largest cogs which can be cut in each 
that they may work together. 

18. A certain event is known to happen at regular intervals of 
time ; it is observed to take place after an interval of 22 d. 11 hrs. 
15 min. 3 sec, and again after an interval of 12 d. 20 hrs. 8 m. 36 
sec. ; what is the greatest possible interval at which the event regularly 
happens ? 

19. A man buys a certain number of articles for $100.10 and on 
another occasion a number of the same articles at the same price per 
article for $84.70 ; find the least possible number of articles bought. 

20. For a certain number of articles I gave $147.77 and for a certain 
other number I gave $232.21 ; they each cost as much as possible 
under those circumstances ; what was the price ? 

21. If f of a ton is worth $28, what is the value of f of a cwt. ? 

22. Subtract | of f of a guinea from "'4 of '376 of £1, and express 
the difference as the decimal of a crown. 

23. 10000000 acres are equivalent to 4046711 hectares ; find to five 
places of decimals what fraction a hectare is of a square mile. 

24. Express '59685 acres in roods, poles, yds. etc. 

26. A father divided a piece of land among his three sons thus : he 
gave 1?^ acres to the first, f of the whole to the second, and to the 
third as much as to the other two together ; how many acres did the 
third get ? 

26. How many francs are $5 worth, when one franc is worth 19*47 
cents? 

27. A metre being 39*371 in. express in metres 4 mi. 6 fur. 11 p. 

28. How many metres (1 yd. = 9144 metres) are there in 1 mile ? 

29. Find the value of 1 ton 10 cwt. 62^ lbs. at $17.75 per ton. 

30. How many cubic yards are there in 100 bushels ? 
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31. From a rod a yard lontr, portions each '057 of an inch in length 
are cut off; how many such portions can be cut off, and what will be 
the length of the remaining piece ! 

32. Into how many plots, each containing 1 *45 poles, can a field of 
10 acres be divided, and what part will be left over? 

33. How many times can a length of ^ths of an inch be cut off 
from a rod 1 yard 3 inches long ; and what will be the length of the 
remaining piece ? 

34. A vessel holds 5^ quarts ; how many times can it be filled 
from a vessel holding 49i*y gallons ? and how much will remain over ? 

36. The wheels of a bicycle are 8 ft. and 1 ft. respectively in dia- 
meter ; how far will it have travelled when the smaller wheel has made 
100 more revolutions than the larger (the circumference of a circle is 
3*14159 times the diameter) ? 

36. If a litre is *52 gallons, find to the nearest cent the value of a 
pint of liquid worth $5 per litre. 

37. The circumference of a circle = 3*1416 times its diameter ; how 
far will the extremity of the large hand of a clock which is 6 ft. lung 
move over in 18 minutes ? 

38. When $4. 90 is worth 25 *05 francs what is gained by selling 
3720 francs at $3.96 for 20 ? 

39. If the weight of a cubic foot of water is 62*35 lbs. (Avoir.) find 
the error in calculating the weight of 1000 cubic ft on the approxi- 
mate supposition that a cubic foot of water weighs 1000 oz. 

40. The length of the year is 365*242264 days, and in 400 years 
there are 97 leap years ; how many 400 years must elapse before the 
error amounts to one day ? 

41. Which is the greatest, -^ of 1 ton, ^ of 1 ton 1 cwt. or f of ^ 
of 1 ton ? 

42. Which is the least, ^^ of 1 ton, f of 10^ cwt. or \ of 16 cwt. 
78 lbs. ? 

43. What is the ratio of 1 cwt 4 lbs. 2J oz. to 5f of 1 cwt 20 lbs. 
li oz. ? 

44. Express in Troy weight | of f of (J-^+i) of 1 lb. Avoir. 
46. What is the ratio of f of | of a foot to ^ of ^^ of a yard ? 

46. A wine merchant has 4 pipes, 2| pipes, 2^ pipes, and ^ of a 
pipe of four different wines respectively. He wishes to keep them, 
without mixing the wines, in equal sized casks, using as. few casks as 

Eossible. What should be the size of the casks, and how many must 
e use ? [N.B. — A pipe contains 126 gallons.] 

47. Four bells commence tolling together ; they toll at intervals of 
Ii li. li^» lA seconds respectively ; after what interval will they toll 
together ? 

48. Express by whole numbers in terms of the nme unit ^ of 
2 ft 6 in., ^ of 1 yd. 4 in., and -^ of 2 yds. 2 ft. 5 in. 



CHAPTEE VI 

PRACTICE 

125. Simple Practice is a convenient method by which 
we can find the cost or measure of a given number of 
simple quantities, when the cost or measure of one of the 
quantities is given. 

Example. Find the volume of 365 tons of goods, the volume of 1 ton 
beiiig 2 cu. yds. 12 cu. ft. 147 cub. in. 

Oompound Practice is a method by which the cost or 
measure of a compound quantity can be found when the 
value is given of one of the units in terms of which the 
compound quantity is expressed. 

EbcampU. Find the volume of parcels weighin>g 365 tons 11 cwt. 14 
lbs., when the volume of 1 ton is 2 cu. yds. 12 cu. ft. 147 cu. in. 

Simple Practice. 

126. The method is based upon the principles of vulgar 
fractions. 

DBF. An aliquot part of a quantity is a quantity 
which is expressed in terms of that quantity as unit by a 
vulgar fraction whose numerator is one. 

Example. 4 bra. 48 min. {which is \ of a day) is an aliquot part of 
1 day. 

EXAMPLES. LXXXL 

Read oiF the value of the following aliquot parts — 

1. i of 1 yd. 2. ^ of 1 day. 3. i of 1 cwt. 4. ^ of $1. 

5. i of 1 yd. 6. f of 2 weeks. 7. i of 1 gal. 8. i of 1 cu. yd. 

9. T»ff of 1 cwt. 10. iS: of 1 mile. 11. ^ of 1 yd. 12. ^ oil hr. 

13. ,V of 1 sq.ft. 14. liVof^l. 15. u^ofll. 16. ^JV of 1 day. 

17. :4V of 1 ton. 18. T^ of $1. 19. i^^r of 1 day. 20. t4t of 1 hr. 

21. T^TT of 1 hr. 22. i of 1 lb. 23. ^ of 1 day. 24. \ of 1 min. 

26. \ of £1. 26. \ of £1. 27. \ of £1. 28. i of £1. 
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127. The method of Practice is as follows : — 

Example i. Find the weight 0/ 1234 articles aill lbs. 8 oz. ea/ih. 

We notice that 12 lbs. 8 oz. is } of 1 cwt. 

Tlierefore tlic weight of a number of articles at 12 lbs. 8 oz. each is 
one-eighth of their weight at 1 cwt. each ; hence 

cwt. lbs. oz. 
The wgt. at 12 lbs. 8 oz. is J of )1 234 . 0.0 the wgt. at 1 cwt. each ; 
therefore di v idi iig by 8 20 ) 154 . 25 . is the wgt. at 1 2 lbs. 8 oz. each . 
Dividing by 20, to get wgt. 

in tons, we have tons 7 . 14 . 25 lbs ; 

that is, the weight of 1234 articles each weighing 12 lbs. 8 oz. is 
7 tons 14 cwt. 25 lbs. 

Thus, we write down the weight of the articles at 1 cwt. each, and 
diviiling this by 8, obtain the required result. 

JExamph ii. Find the volume of 365 tons of goods^ the volume of 1 
ton beiiig 2 cu. yds. 10 cu. ft. 81 cu. in. 



vol. at 1 c. yd. p. ton.^ 



Vol. at 2 c 


G 


. yds. 


eft. 


c. in. 


yds. per ton. 
9 C. ft. 


2\ 


365 


0. 



2 




730 


0. 





1 c. ft. 


I 


121 


18. 





54 c. in. 


■nV 


13 


14. 





27 c. in. 


i 




11 . 
5. 


702 
1215 


Hence adding, 


865 


22. 


189 = 



2 c. yd. p. ton. 

9 c. ft. p. ton. 
1 c. ft. 



54 c. in. p. ton. 
27 c. in. „ 



189 = vol. at 2 c. yd. 10 c. ft. 81 c. in. p. ton. 



EXAMPLES. LXXXII. 

Find the value of each of the following sets of articles — 
1. 1000 at 10c. each. 2. 372 at 25c. each. 3. 475 at 2ic. each. 
4. 500 at 20c. each. 5. 372 at 5c. each. 6. 365 at 20c. each. 

Find the weight of each of the following sets of articles in cwt. 
lbs. oz. — 

7. 421 at 4 oz. 8. 443 at 20 lbs. 9. 723 at 12 oz. 

10. 230 at 60 lbs. 11. 3271 at 10 oz. 12. 489 at 15 oz. 

13. 899 at 12 lbs. 8 oz. 14. 555 at 37 lbs. 8 oz. 16. 6721 at 14 oz. 

* This line is to be read thus : — The volume (of 365 things) at 2 cu. 
yds. each is twice (365 cu. yds.) the vohime at 1 cu. yd. each ; the volume 
at 9 cu. ft. each is ^ of (365 cu. yds.) the volume at 1 cu. yd. each. 
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Find the Tolume of each of the following sets of parcels in cu. yds. 
cu. ft. cu. in. — 

16. 400 at 864 cu. in. 17. 562 at 432 cu. in. 

18. 201 at 1296 cu. in. 19. 76 at 1 cu. ft 216 cu. in. 

20. 26 at 21 cu. ft. 432 cu. in. 

21. 90 at 2 cu. yds. 11 cu. ft. 1000 cu. in. 

22. 71 at 24 cu. ft. 864 cu. in. 

Find the value of each of the following — 

23. 22 tons 5 cwt. 50 lbs. at $320 a ton. 

24. 6 yds. 1 ft. 6 in. at $750 a yd. - 

128. The work in Practice may often be shortened by 
the exercise of a little ingenuity. 

Example i. Find the volume of 365 tons at 2 cu. yds. 10 cu. ft. 81 
cu. in. per ton. 

c. yds. c. ft. c. in. 
9 cu. ft. \ 365 . . vol. at 1 cu. yd. 
2 



1 cu. ft. 
81 cii. in. 



xir} 



730. 0. 
121 . 18 . 



2 cu. yds. 



13.14. 
17 . 189 



9 cu. ft. 
1 cu. ft. 



81 cu. in. 



Adding 865 . 22 . 189 = vol. at 2 cu. yds. 10 cu. ft. 81 cu. in. 
Compare with Example ii. p. 120. 

Example ii. Find the volume of 365 tons, the volume of 1 ton being 
3 cu. yds. 25 cu. ft. 1701 cu. in. 

Here we notice that 3 cu. yds. 25 cu. ft. 1701 cu. in. is 4 cu. yds. 
wanting 1 cu. ft. 27 cu. in. We therefore find the volume of 365 tons 
at 1 cu. ft. 27 cu. in. per ton, and subtract the result from the volume 
at 4 cu. yds. per ton ; thus : 

c yds. c. ft. c. in. 
365. 0. 
4 



1460 . . volume at 4 cu. yds. per ton. 

13 . 19 . 1215 „ 1 cu. ft. 27 cu. in. per ton. 



Subtracting 1446 . 7 . 613 



3 cu. yds. 25 cu. ft. 1701 cu. in. 
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1 cu. ft. 
27 cu. in. 



* 
^ 
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c. yds. c. ft c in. 
365 . . volume at 1 cu. yd. 

1 cu. ft. 



OHAP. 



13 . 14 . 
6 . 1216 



27 cu. in. 



13 . 19 . 1216 = vol. at 1 cu. ft. 27 cu. in. 



Note.— The method of Art. Ill may be used to perform the above 
subtraction. 

Example iii. Find the weight of 366J cu. yds. at 4 tons 7 cwt. 81 
lbs. 4 oz. per cu, yd, 

tons cwts. lbs. oz. 



6 cwt. 



2 cwt. 50 lbs. 

25 lbs. 

6 }b8. 4 oz. 



i 



By addition 



365 



5 . . 0=weight of 365J at 1 ton each. 
4 



1461. 0. 0. = wt. at4tons. 
91. 6.25. 0= 5 cwt. 

45. 13. 12. 8= „ 2 cwt. 50 lbs. 

4. 11. 31. 4= „ 26 lbs. 

1. 2. 82. 13= „ 61bs.4oz. 



1603 .13.51. 9 = wt. at 4 tons 7 cwt. 81 lbs. 4 oz. 



EXAMPLES. LXXXIII. 

Find the weight of each of the following sets of articles — 

1. 300 at 3 tons 12 cwt. 75 lbs. 

2. 400 at 2 tons 7 cwt. 76 lbs. 

3. 821 at 5 tons 13 cwt. 75 lbs. 

4. 177 at 8 tons 6 cwt. 76 lbs. 4 oz. 

5. 901 at 12 tons 12 cwt. 95 lbs. 12 oz. 

6. 374 at 10 tons 11 cwt. 90 lbs. 

7. 475 at 21 tons 9 cwt. 31 lbs. 4 oz. 

8. 777 at 40 tons 12 cwt. 80 lbs. 

9. 897 at 61 tons 14 cwt. 12 lbs. 8 oz. 

10. 9^ at 101 tons 11 cwt. 81 lbs. 4 oz. 

11. 479 at 31 tons 6 cwt. 95 lbs. 

12. 139 at 432 tons 7 cwt. 98 lbs. 

Find the volume of each of the following sets of packages— 

13. 84 at 1 cu. yd. 7 en. ft. 80 cu. in. 

14. 100 at 3 cu. yds. 20 cu. ft 864 cu. in. 

15. 961 at 4 cu. yds. 24 cu. ft. 864 cu. in. 
le. 72 at 12 cu. yds. 9 cu. ft. 432 cu. in. 
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Find the contents of each of the following sets of vessels— 

17. 92 each containing 6 gals. 3 qts. 1 gi. 

18. 764 each containing 16 gals. 2 qts. 1 pint. 

19. 871 each containing 72 gals. 3 qts. 1 pt. 3 gi. 

20. 1000 each containing 95 gals. 1 qt 1 pt. 1 gi. 

Find the amount of each of the following — 

21. 900 sacks, each containing 25 has. 2 pks. 3 qts. 

22. 521 barrels, each containing 20 gals. 2 qts. 1 pt. 

23. 432 lengths, each containing 1 mile 700 yds. 2 ft. 

24. 465 periods, each containing 1 yr. 51 days 7 hours 30 min. 



Compound Practice. 
129. The method in Compound Practice is as follows:- 



ile 1. Find the volume o/B65 tons 15 cwt 75 lbs. at 2 cu. yds. 
10 cu. ft. 81 cu. in. per ton* 

First we find, as in Ex. i., p. 121 (or by multiplication), that the 
volume of 365 tons at 2 cu. yds. 10 cu. ft. 81 cu. in. per ton is 865 cu. 
yds. 22 cu. ft. 189 cu. in. Then 
cu.yds. cu.ft. cu.in. 

2.10. 81 =vol. oflton. 



lOcwt 


i 


5 cwt. 


* 


50 lbs. 


tV 


25 lbs. 


i 



5 . 40-5 = 

16 . 20-25 = 

1 . 1038-825 = 

. 1383-4125 = 



865 . 22 . 



754-9875 = 
189 



365 tons. 



10 cwt 
5 cwt. 

50 lbs. 
25 lbs. 

15 cwt. 75 lbs. 



867 . 18 . 943 -9875 = vol. of 365 tons 15 cwt. 75 lbs. 
i,e, the volume of 365 tons 15 cwt. 75 lbs. to the nearest cubic inch is 
867 ciL yds. 18 cu. ft. 944 CU. in. 
; iu Find the rent for 7 months 3 weeks 4 days at $688 per 



annv/m. 



6 mo. = 


iof 


1 mo. = 


*of 


2 wk8.= 


,of 


1 wk. = 


iof 
iof 


3J d8y8= 


Jday = 


f of 



$588.00 = rent for 12 mo. 



$294.00 = 

49.00 = 

24.50 = 

12.25 = 

6.125 = 

.875 = 



6 mo. 
1 mo. 



2 wks. 
Iwk. 



3i days, 
iday. 



$386.75 =rent for 7 mo. 3 wks. 4 days. 
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Find the value of each of the following — 

1. 3 cwt 76 lbs. 4 oz. at $1764 per cwt. 

2. 9 tons 16 cwt. 50 lbs. at $988 per ton. 

3. 85 yds. 1 ft. 10 in. at $130.68 per yd. 

4. 71 yds. 2 ft. 9 in. at $9.12 per vd. 

5. 73 mi. 1000 yds. at $654.72 per mile. 

6. 19 lbs. 7 oz. of gold at $178.80 per lb. 
7.' 3 oz. 10 dwt. 16 gr. at $201.60 per lb. 

8. 11 yds. 1 ft. 9 in. at $7.56 per yd. 

9. 62 yds. 30 in. at $8.64 per yd. 

10. 60 sq. yds. 8 sq. ft. 12 sq. in. at $36 per sq. yd. 

11. 6 oz. 16 dwt. 18 grs. at $7.60 per oz. 

12. 27 bus. 3 pks. 5 qts. at $5.75 per bus. 

13. 11 gal. 3 qts. 3 gi. at $6.60 per gal. . 

14. 10 mo. 3 wks. 5 days at $53.26 per month. 

15. 11 mo. 2 wks. 6 days at $45 per month. 

16. 7 mo. 3 wks. 4 days nt $140 per year. 

17. 10 cwt. 10 lbs. 10 oz. at $640 per ton. 

18. 6 cwt. 76 lbs. 9 oz. at $2560 per ton. 

19. 10 mo. 1 wk. 6 days at $336 per year. 

20. Find the produce of 14 a. 3 r. 25 p. at 46 bus. 2 pks. per acre. 

21. Find the produce of 121 a. 1 r. 15 p. at 59 bus. 1 pk. per acre. 

22. Find the produce of 37 a. 2 r. 88 sq. yds. at 14 cwt. 14 lbs. per 
acre. 

130. The following examples may be noticed : — 
Example i. Evaluate 76-5625 of 2 tons 18 cwt. 87 lbs. 8 oz. 

10 cwt. = i of 1 ton 76-5626 * -380859376 tons 

20 



5 cwt. 

2 cwt. : 

1 cwt. : 

50 lbs. 
25 lbs. 
12 lbs. 8 oz. : 



i of 1 ton 


76-6625 
2 




153-1250 


i of 10 cwt. 


38-28125 


1^ of 1 ton. 


19-140625 


tV of 10 cwt 


7-65625 


^ of 5 cwt. 


3-828125 


iof50 lbs. 


1-9140625 


i of 25 lbs. 


•95703125 




•478516626 



7-617187500 cwt. 
100 



61-71875 lbs. 
16 



11 -60000 oz. 



225-380859375 tons. 

The value required is 225 tons 7 cwt. 61 lbs. 11^ oz. 

Note. — The work on the left hand gives the value of 2 tons 18 cwt. 
87 lbs. 8 oz. at $76-5625 per ton. The value is $225.38. 
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Example ii. Find to the nearest oz, the weight of 471*325 cub. 
yds. at 4 tons 11 cwt. 70 lbs. 4 oz. per ctib. yd. 



10 cwt. 



tons 47 1*325 = weight at 1 ton per cub. yd. 
4 







1885-300 =; 


4 tons 




Icwt. 


^ 


235-6625 = 




10 cwt 


50 lbs. = 


icwt. 


23-56625 = 




Icwt. 


20 lbs. = 


icwt. 


11-783125 = 




50 lbs. 


4oz. 


Y^, of 20 lbs. 


4-71325 = 
•0589156 = 




20 lbs. 

4oz. 



tons 2161 -0840406 = wt. at 4 tons 11 cwt 70 lbs. 4 oz. 
and 2161-08404 tons = 2161 tons 1 cwt 68 lbs. 13 oz. 

131. These examples can, when convenient, be worked 
by reducing each compound quantity to a decimal. 

Example. Find the cost of 6 miles 4 lur. 38 yds. 18 in. of wire at 
$55.d2 per mile. 

By process of Art 123, 6 m. 4 fur. 88 yds. 18 in. =6*521875 miles. 
6-521875 
55-32 



326*09375 
32-609375 
1-9565625 
•1304375 



$360-790125 
therefore the cost is $360.79. 

But the work by this method is generally longer than by Practice. 

MISCELLANEOUS EXAMPLES. LXXXV. 

1. A bankrupt pays $3. 76 in every $5 ; find the dividend on ^ debt 
of $17355. 

2. Find the cost of 374 acres 80 poles at $93.25 per acre. 

S. Find the value of 59 yds. 1 ft 6 in. of silk at $1.41 per yd. 

4. A bankrupt pays $57.10 in every $100. His debts being 
$17350, how much does he pay altogether ?. 

5. Find the weight of 347 bales of cloth each weighing 7 cwt. 
87 lbs. 8 oz. 

6. Find the weight of 562 sacks of flour each weighing 1 cwt 
87 lbs. 8 oz. 

. 7.- Find the value of 4501 tons 15 cwt at $91 per ton. 
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8. Find the value of 371 acres 120 poles at $184.83 per acre. 

9. What is the valae of the iron in a railway bridge which weighs 
3575 tons at $17.75 per ton ? 

10. Find the value of 37 miles 682 yds. of telegraph wire at $68.72 
per mile. 

11. Fin.l the cost of 6 yds. 3| in. at $91.44 per yd. 

12. Find the cost of fencing 3 miles 3 fur. 180 yds. 1 ft. 6 in. of 
road at $2398. 75 per mile. 

13. Find ihe value of 21 tons 5 cwt. 76 lbs. at $375 per ton. 

14. Find the weight of 3741 things, ten of which weigh 37 tons 
17 cwt. 76 lbs. 

16. Find to the nearest cent the value of 375 yds. 1 ft 10 in. at 
$3.62 per yd. 

16. Find to the nearest cent the rent of 137 acres 41 sq. poles at 
$13.75 per acre. 

17. A tradesman bought 451 articles at £3. 155. Id. each, paid 
£3. 13s. id. carriage for them, and sold them at £4. 7 a, l^d, each ; 
how much did he gain ? 

18. A tradesman bought 151 bales of calico at £1. 12s. lid. each, 
and sold 134 of them at £2. \s. lOcf. each, and was robbed of the rest ; 
what did he gain or lose on the transaction ? 

19. Find the value of 220 miles 3 fur. 20 poles 2i yds. at $116.25 . 
per mile. 

20. Find the value of £1. 35. M. when £1 is worth $4.90. 

21. Find the value in dollars and cents of 1437526 gallons of water 
at £1. 35. 9(2. per 10000 gals. (£1 =$4.90.) 

22. Find the number of quarters (1 quarters 8 bus.) produced by 
73*12475 acres at 7 qrs. 5 bus. 1 pk. per acre. 

23. Find the value of 35 cub. yds. 3 cub. ft 288 cub. in. at $16.72 
per cub. yd. 

24. If £1 =$4.87, find the value of £3. 55. 9c£. 

26. Find to the nearest cent the value of a square mile of land at 
$1773.85 per hectare. (358*9895 hectares = 18 sq. miles.) 

26. Find the value of 20 tons 11 cwt 45 lbs. at $314.25 per ton. 

132. The Accounts of a Business are writings which 
contain a record of every transaction entered into in the 
course of that Business. 

The principal Books in the accounts of an ordinary Trade are the 
Bay Book ana the Ledger. 

In the Day Book are entered each day's transactions in the order 
in which they occur. 

At short intervals the entries in the Day Book are ' posted ' in the 
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Ledger ; the index of the Ledger contains a list of customers' names 
in alphabetical order, with a reference opposite each name to the page 
of the Ledger on which are collected all the transactions which have 
taken place with that particular customer. 

An invoice is a detailed statement sent by a Seller to the Buyer, at 
the time of the delivery of goods, of their quality, quantity, and price. 

An account (or, copy of an account) is said to be rendered by a 
Seller when he sends to the Buyer, at the end of a term of credit, a 
copy of the transactions between them as recorded in his Ledger. 



Specimen of an Invoice. 



Invoice, 
From Messrs. Jones & Co. 

14 yds. Calico , , 
22 yds. Bnissels Carpet . 
2 Rugs, $5.20, $9.40 . 



Sent to Henry Jenkins, Orange, N.J. 



New York, June 21, 1887. 
42 West Street. 



at lie. 
at $1.14 



$1.54 
25.08 
14.60 



$41.22 



Specimen of a Detailed Account.* 



Henry Jenkins, 

Bought of J.' Jones & Co. , 
42 West Street, 
New York. 

1887. 

May 21 40 yds. Irish Linens 
1 doz. Dusters 
25 yds. Towelling 



June 4 



June 21 



23 yds. Flannel 

15 yds. Brown Holland 

14 yds. Calico 
22 yds. Brussels Carpet 
2 Rugs, $5.20, $9.40 



Midsummer, 1887. 



at 64c. 
at 14c. 
at 22c. 


$25.60 
1.68 

1 5.50 

1 


$32.78 
17.48 

41.22 


at 61c. 
at 23c. 


14.03 
3.45 


at lie. 
$L14 


1.54 
25.08 
14.60 




1 


$91.48 



* An account in which each separate item is given as above is called a 
dslaUed account, to distinguish it from an account in which the total only 
of each invoice is given. 
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EXAMPLES. LXXXVI. 

Make out Invoices for the following entries in a Day Book, in- 
serting names and other details of your own choosing. 

1. 81 yds. sheeting at 34c. per yd., 374 yds. Brussels carpet at 98c. 
per yd., 14f yds. muslin at 32c 

2. 21 lbs. tea at 78c. per lb., 14 lbs. sugar at 7c per lb., 7 lbs. 
coffee at 27c. 

3. 7i lbs. lamb at 26c per lb., 17 lbs. 6 oz. sirloin beef at 21c. per 
lb., 5 lbs. suet at 15c. per lb. 

4. 43 yds. tapestry carpet at 85c, per yd., 26J yds. cocoa matting 
at 70c. per yd., I7i yds. linoleum at 93c. per yd., 3 rugs at ^1.47, 
$3.17, $3.92 each. 

6. 56 lbs. oatmeal at 3c. i>er lb., 3 dozen lbs. candles at 17c. per 
lb., 25 lbs. soap at $5.76 per cwt., 24 yds. house flannel at lie. per yd. 

6. 56 lbs. sugar at 5c. per lb.,- 30 lbs. rice at 7c per lb., 17} lbs. 
cheese at 18c. per lb., 67 lbs. bacon at I7c per lb. 

7. 23 tons of coal at $5^68 per ton, 73 tons of coal at $4.68 per 
ton, 23 tons coke at $6.31 per ton. 

8. 75 yds. huckaback at 27c. per yd., 53 yds. rough towelling at 
21c. per yd., 13 dozen dusters at $1.96 per dozen. 

9. 49 lbs. fresh butter at 34c. per lb., 213 lbs. salt butter at 30c. 
per lb., 149 lbs. cheese at 21c. per lb., 137 lbs. bacon at 19c. per lb. 

10. 3 doz. pairs gloves at 73c per pair, 1^ gross buttons at 9c. per 
dozen, 200 yds. braid at 42c. per doz. yds., 3^ doz. handkerchiefs at 
$2.92 per dozen. 

11. Sup{K)sing that Questions 1, 4, 8, and 10, are entries in the 
Day Book at different dates of goods delivered to the same buyer, 
make out his account. 

12. Assuming that 2, 6, 6, and 9, are entries in the Day Book at 
different dates of goods purchased by a buyer, make a copy of the 
entries against that buyer's name in the tradesman's ledger. 

Note. — The Day Book and Leilger are used in every business. 
There are besides these other books such as the Stock Book, Cash 
Book, Bank Book, Wages Book, etc., which are used in nearly every 
business ; but it will be found that' in each particular kind of business 
there is some peculiarity in the system of accounts adopted. 

A system of Accounts should be as simple and as clear as possible. 
It should be so arranged that it may not be difficult to ascertain from 
the accounts, half-yearly or yearly as the case may be, the exact state 
of the business. 

Also, in very large businesses, each separate transaction should be 
entered in two different ways ; so that ea(;h day's transactiQus may 
give rise to two separate totals. The advantage of this is, that these 
totals must be the same if the accounts have been accurately made up ; 
so that in this way a test is obtained of the accuracy of the accounts. 
Such a system is called a system of Double Entzy. 
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CHAPTER VII 

RECURRING DECIMALS 

133. It will be found in some cases, in the process of 
division, that, when the quotient is expressed as a decimal 
fraction, there is always a remainder ; so that the quotient 
can be continued without limit. 

Emmple i. Divide 1 hy 3. 

3)r 

'33333..., the dots indicating that the 3 is to be repeated 
without limit. 

Example ii. Express ^ as a decimal fra/U^ion, 
f of the unit = one-seventh of three units. 

Process, 7)3 • 

•428571428571428... Quotient. 

134. When this is the case, certain digits in the 
quotient are found to recur over and over again. 

DBF, Decimal fractions in which certain digits recur 
are called recurring decimals. 

They are called, by some writers, circulating decimals, and by 
others, repeating decimals. 

135. The notation adopted is as follows : — 
•33333... is written 3, 

•123567567567... is written '123567. 
E 
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The digits between and underneath the two dots (both 
included) are understood to recur in the same order con- 
tinuously. 

DEF. The digits which recur are called the period. 

Example, In the decimal '128567 the period is 567. 

EXAMPLES. LXXXVIL 

Divide, expressing each quotient as a decimal, — 
1. 2 by 3. 2. 2 by 7. 3. 3 by 7. 4. 4 by 7. 

5. 6 by 7. 6. 6 by 7. 7. 1 by 15. 8. 7 by 11. 

9. £1 by 9. 10. 375 pence by 11. 11. 456 lbs. by 7. 

12. 47 in. by 6. 13. 27 gallons by 7. 14. 365 days by 7. 

Express each of the following as a decimal fraction : — 
15. %. 16. f 17. f 18. f 19. 5J. 

20. 20tV- 21. 2,5^. 22. 451f 23. 50f^. 24. 19^- 

26. 5^. 26. 200,V 27. 3iof8i. 28. 4^x1 A. 29. if. 

30. IJxlOH- 31. f 32. ^, 33. ^, 34. ^nrir*. 

136. A recurring decimal fraction is expressed in the 
form of a vulgar fraction as follows : — 
Since by division we find that 

i=-i; T?,^=-6i; T7ir=*60l; TnnnF='^00i; and so on : 
And since 

•60l X 407 = (-O01001001...) X 407 = '407407407...= '40? : 
therefore, (i) *? = 7 times '1 = 7 x ^ = {, 

(ii) '§7 = 37 times -61 = 37 XT^V=fi» 
(iii) -407 = 407 times 'Ooi = 407 x ^i^ =^, 
and so on. Again, 

(i v) -2341 = -23 + -0041 = ^ + T^ of '41 = ^Vir + vHir 

_ 23x 99 + 41 ^ 23 X (10 -1)4-41 ^ 2341 -23 _2318 
~ 9900 9900 9900 9900' 

( v) '034965 = '034 + '000§6§ = ^^ + ^^ 

34 X (10 00 -l )-f963 _ 34963 -34 ^ 34929 
"" 999000 "" 999000 999000* 

The above results are included in the following state 
ment : — 
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To express a recurring decimal as a vulgar fraction — 
For the mimerator take the whole decimal {i.e. the digits from the 
decimal point to the end of the first period), subtracting the number 
indicated by the digits which do not recur ; 

For the denominator^ take the number formed by as many 9's as 
there are digits recurring, followed by as many O's as there are non- 
recurring digits. 

The following is an alternative method : — 
Example. Eospress '47li as a Yulgar fraction. 

10000 times '4711 = 4711 -711711711... 
10 times "4711= 4*711711711... 
Subtracting, 9990 times "4? ll = 4711- 4. 

„ .4,4 4711-4 4707 

Hence, .4711=.^^^=—^. 

EXAMPLES. LXXXVIII. 

Express as vulgar fractions — 
1. •?. 2. -oil. 3. 'M. 4. -60?. 

5. 2*0l§. 6. lO-Ol. 7. 14-0131. 8. 9*60?. 

9. -loSsl 10. -ooeioS. 11. -001064. 12. 4-4405. 

Express as vulgar fracjtions in their lowest terms — 
18. -Ot 14. -OSi. 16. 60-906§. 16. •00906§. 

17. •12§6. 18. •096§. 19. •46§06. 20. -63690. 

21. 676-72671 22. 30-90l05. 28. 71001236. 

24. •0012^6. 26. 60-9^4. 26. 10-02^7. 

27. Prove that 

1^ -142857 ^ -585714 ^ 428571 ^ -57142§ ^ -f 1428§^ -§5714^ 
7 1 2 3 4* 6 6 ' 

28. Prove that 30 -421^85714 = 30 -421 + j^. 

137. A recurring decimal whose period is 9 can be 
expressed as a non-recurring decimal 
Example i. "OOOS is eqiml to '001. 

This may be proved by the method of Art. 136 ; or directly 
by subtraction, thus : 

•001 

'0009999... 

•0000000... 



^xximpU il -8456 = '345 + -OOOS = -345 + -001 a •846. 
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A recurring decimal when transformed by multiplica- 
tion to a non-recurring decimal appears in the form * 9 
recurring.' 

7 • .nA..2i 3 •3124§ -3125 2*5 5 pa^ oa 

ExampU i. '10^1^-=-^-=^-^=^^^=^. [Art. 96. 

Example ii. Express 4*012^85714 as a vulgar fraction, 
4-012285714 x f [ = 28-085§ x lt\ = ij^U=^^^' 

„ J ... „. ... -0606428571 

Example iii. Simphfy • 



This fraction = 



•8386^7 

•0605428 571 X 7 X 11 _ -4238 xJLl __11 
•385^7 X 11 X 7 "'4-238 x 7 ""70' 



EXAMPLES. T .XXXIX. 

Express as non-recurring decimals — 
1. -OS. 2. 80-479. 3. 8-1236§. 4. -OOSS. 5. 3-§. 

6. 3-6§§. 7. 70 -99$. 8. 'OOOOS. 9. l-678§. 10. l-24§. 

Express as vulgar fractions in their lowest terms — 
11. 4-123428571. 12. 70l7S57l4i 13. '546153846. 

,. 4-37S1 ,- -176^85714 ,^ 47-286458§ ,_ "22916 

14. J—. 10. — — • 10. . 17. 



5-2672 •112iS 1-3510416 -3447916 

1 38. The sum of any given recurring decimals may be 
found, correct to any required number of significant figures,* 
by addition in the usual way. 

Example. Find tJte sum correct to 7 sig^iificant figures of 

•34s;, -4103, -05, -lol. 

Process, '345454545... ) ^ . , o • •« 4- « 

•410310310 f ^® P^^ down 9 significant figures, 
•055555555 .! ( ^^^^ ^^'® ^^^ ^*^^ *'^® "^^^ figure to 
'101101101 . J *^® seventh column. 

Result, '9124215... 



* The first significant figure is the first figure on the left hand which 
is not a cypher. (See chap. viii.). 
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EXAMPLES. XO. 

Find the sum, correct to 7 significant figures, of 

1. 3-4i + 4-56H -00031 + 365-2. 

2. 4-036 + 200123+ -0006 + 370-10S. 

3. -072§ + 1-345 + -0S7 + 2-008§. 

4. 3-2§6 + 15-0SlS + 2-2§0l + l-l. 

5. 36-461 + 407 + -003? 1 + 5 -00^701. 

6. 8001 -6 + 41 -37616 + 4-123456+ -961. 

Find the value, correct to 7 significant figures, of 

7. 4-06l2--6l2S. 8. 567 --696. 

9. 341-1-44-4. 10. 46-^136 --9876. 

XI. -47771 - -4177?. 12. 3-il0ll-l-S303l 

13. 371 -42-S + 5-36661. 14. 3 14159 + 3 §-6 -2416. 

15. 4-3S2l + 3-Sl-6l2345 + -00l. 16. rl6- -lOl + lOl. 

17. 210-456 + 3-2179 --4li 18. 9--03l--74i 

19. •7866S+-§-(-79l2S--§). 20. 8-l + -0S--8§. 

21. 1000- 100-61 + 20-6S- 1-0041. 22. 'OS- -605i + l-l61. 

139. The sura of any given recurring decimals may be 
found in the form of a recuiTing decimal. 
Jskamplei, Add together Z'lllh, -00fl2, -463141 

U16416... 
L 271271... 
1424242... 



Process, 3-1416 

•0071 
•4631 



1111929 

1111929 
3-6018 etc. 

Result, 3-6019lll936 

We notice that the largest number of non-recurring decimal places 
to the right of the decimal point, in any of the numbers, is 4 ; there- 
fore, the columns of digits recur after the fourth column. Also, the 
numbers of digits in the periods are 3, 3, 2 respectively ; the L.C.H. of 
which is 6. Therefore the colwinns will recur in periods of 6 * digits 
each ; hence, the answer will recur in periods of 6 digits, commencing 
at the 6**^ place from the decimal point. Then we add separately the 
recurring columns and tlie non-recurring columns. The sum of the 
recurring columns itself recurs. 

* A recurring decimal whose period contains 3 digits, may be said to 
have a period of 6 digits or of any multiple of 3 ; similarly it may happen 
that the sum, in an example in which the columns recur in periods of 12 
digits, may have a period of 6, or of 4, or of 3, of 2, or of 1 digit. See 
Ex. xci. 19, 26. 
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RECURRING DECIMALS 



CHAP 



Example ii. Add -ftOll + "f S + -^126 + 43 *? + '705. 
Process, 



Result, 



•OOlllOO 




•787878 




•21 2021 




43-77 7777 




•70 2222 




20998 




20998 


20998 


45-46 etc 


46-48l006 





•031 2 + -02451 + 1 -40i 4. 1 -i + -06iS + -4i2§. 
2-45-2-367. 6. 80 -'OS. 7. 4-S-2-0f. 
4-56 - 3-606. 9. 37-401 - -261. 10. 4*1^ - 2-061. 
5-3 -3-R 12. 6-0§llS-5-l§§. 13. '1234 - -0374.. 



EXAMPLES. XOI. 

Find the recurring decimal which is equal to 

1. 4-0§ + l-0S + 2-01§. 2. 3-OISS + -7S + 

3. 

6. 

8. 
11. 
14. 
17. 
19. 
21. 
23. 
26. 
27. 
28. 
29. 
30. 



15. 1 



_ olS-'kl. 

-8 - -4071 - •213Si 

3-4l + -0S+ -IS + -0655146. 

1-40201+ •§+•41 + -037. 

81 + 1-4SS + 2-0051 +-Oli 

•^7142§+-S857l4 + -l4285f. -«. vx^*.x-r 

•01612 + IOIOIS+ -000101^ = 1 01212 + 10-15. 

3-661I + -4121 - -314S - -OI2S - •123lS§. 

-oo4ol + -0006S + 72-611I + 108-61. 

300 - 2-6l4 - -04111 - -03125 - -Ol5ll - -14285? 



16 --3^ 16. 1--06--1 
18. -0l5 + -0037 + -00l23. 
20. 3-041 + -675+ •25S36S. 
22. -456 + -015 + -OOOSl + -82l. 
24. -0I2S + -6125 + -l5§ + -I2S. 
26. -01451 + -00145 + 14 -M. 



140. For the multiplication and division of re- 
curring decimals we use the method of Arts. 60 and 51. 
Example i. Multiply 4-375 hy 5-672S. 

We shall obtain the same result if we multiply 5-6?2S by 4-375. 
Process, 6-6728728|72 ^ 

4-375^ We write down two periods of the 

22^9T491 4914 multiplicand, and also the next two 

1*701 861 8618 digits, in order to carry the correct 

•397 101 1011 numbisr ; when the multiplication is 

28 364 3643 finished we fill in the vacant places 

ygT^ (as has been done here with olack 

24-817 1817... - I *yP®)- Product 2^;^ 
24-818§l§ = 24-Sl8. 
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Process, 



IHmde 11-42755^ by 4-376. 
4375)11427-652552...(2-6l26l2... 
" 26775 
62 55 
8 802 
6265 
8802 



The quotient is 26126 8802 



EXAMPLES. XOIL 



Multiply — 

1. 4-2§ by 6. 

4. 207 by -32. 

7. 31-026^ by 4-302. 

9. 71-S45 by 1-012. 
11. 3-602 by 2 -01 S§. 
13. 2022 by "OOeloS. 
15. 301-7 by 4-016205. 



2. 3-06 by 3. 3. 2-4iS by '51, 

5. -OOSl by 11. 6. -3^7 by 5-2. 

8. -00050?^ by -009. 

10. 21-01S66 by 41-003. 

12. 84-307 by 4-0637l. 

14. 50-307 by 12-0010205. 

16. -001661 by 3-418. 



Divide — 

17. 3-6 by 5. 

20. 2-§ by -0021. 

23. 41-3766 by 130. 

26. -428571 by 003. 

29. -124§by l-§. 

32. -OSqS by -010§. 



18. 4-3726 by 11. 
21. -0004 by -0072. 
24. 8-65 by -0101. 
27. -0365 by -2§. 
30. -of 14-285 by '006. 
33. -585714 by 2-31. 



19. -OSoi by -006. 
22. 40-OioS by -102. 
25. -i857l4 by -07. 
28. 37-51 by 3-44§. 
31. -0016 by -3§. 
34. 99-6 by -064. 



141. When a recurring decimal is to be multiplied (or 
divided) by a recurring decimal, it is generally convenient 
to express the multiplier (or divisor) as a vulgar fraction. 

Example i. Multiply 12-^81 by 5-6§. 

Here 6-6§ = 5A = 5A:=« ; 

therefore we multiply 12*981 by 56 and divide the product bj 11 ; thus, 

12 981981 198... 
8 



103-855855 8 

7 

11)726-990990 .. 



66-090090... =66-696. 
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Example ii. Divide 5*4SS hy 5'4S. 

Here, 6-i5 = 5H = 6TV=fT; 

therefore we multiply 6*45S by 11, and divide the product by 60 ; 
obtaining as result 1 '00674. 





EXAMPLES. XOIII. 


1. 


•OS X -05. 


2. -oiSx-S. 


8. •4lSx-§?. 


4. 


31-2§8ix-0S. 


5. 3-§8ix-4. 


6. 6-06Sx-05. 


7. 


15-SxlO-5. 


8. 2l-6§x-l4. 


9. 43-66 x-4§. 


10. 


26-Six-0l2. 


11. 3-46^2-S. 


12. 4-5-J-3-04. 


13. 


i2-§--Si. 


14. 6-OM-5--7i 


15. 2-36-7-4-07. 


16. 


•0005-i-12-4. 


17. 34-0ix-§-^-l. 


18. 2-45-T--000?S. 


19. 


•000§6h-2-72. 


20. ^Sx-S-T-'SfS. 


21. •0§6x-§-j--S. 


22. 


•00S6§-r- -14285?. 


23. -428571 


-^ -§86714. 


24. 


22•Sx•0§-^•3?. 


26. (2-S-l 


5)-H(4-l + 6-05). 



142. We can always tell whether the decimal form of 
any given vulgar fraction is a recurring decimal. 

Let the vulgar fraction be in its lowest terms ; then if the prime 
factors of the denominator are each of them either 2, or 6, the equi- 
valent decimal is terminating, that is does, not recur. In all other 
cases it is recurring. 

Example i. 

^^ that is -^ ; 1?, that is ^^—= \ |?, that is ^ 



25' 5x6*50* 2x6x5' 64' 2x2x2x2x2x2 

produce terminating decimals. 

The reason is, that in each step in the continued process of divi- 
sion, the dividend is multiplied by 10, that is by 2 x 5 ; so that if the 
denominator contains those factors only the division will terminate. 

^, 29 ^29 _2 9 X 10 X 10x10x10x10 x 10 

^^' 64""2x2x2x 2x2x2 2x2x2x2x2x2x 1000000 

_ 29x6x5x5x5x5x5 _ 45 3125 -.453105 
1000000 1000000" 

Example ii. — -, that is --^ «- „ ; 77?* that is - — — ; = 
^ 24 2x2x2x8 65 6 x 18 7 

produce recurring decimals. 

The reason is, that neither of these numbers can be made whole 
numbers by multiplying repeatedly by 2 x 5. 
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Example iii. The fraction -fg cannot have more than 12 figures 
in the i>eriod of its equivalent recurring decimal ; for each remainder 
in the process of division by 13 must be less than 13, and cannot 
be ; so that there are not more than 12 possible remainders which 
afe all differerU, 

Example iv. The fraction vr or o — ry cannot have more than 17 

dififits in its period; for it is equal to -^ of 1*6, and in dividing 
1 "5 by 17 each remainder must be less than 17 (it may be 0) ; so that 
there are not more than 17 differetd remainders. 

Note. — It should be remembered that the division of a non-recur- 
ring decimal by 3 or by 9 gives a period of (me digit ; division by 11, 
a period of two digits ; division by 7, or by 13, a period of six digits. 

Example, •5§23076 x 6-4B x 3-f 1428S. 

This is •5§23076 x 6,^ x 3714285 x f = •6§23076 x ff x V 

= -5623076 xl3xf^xf=7-6§x}ix| = 12. 

EXAMPLES. XOIV. 

State which of the following fractions, when expressed as decimals, 
are recurring ; and state a limit to the number of figures in the period 
of each. 

1. -h' a. A. 

6. -h. 7. A. 

XI. *. 12. li. 



EXAMPLES. XOV. 

Simplify, giving each answer in decimals, — 
1 2+-5--§ J 2-6 + 3§-- 5 -25 

' 2-S-1-25' * 6-l6 + 7-08§ 

3-5-1 ^ l-'75 0.^,^ 1 -•g3 75 

i5-U6-6-3-S ' 1 + •75* • -2 - •126- 

5. ^•^^-^•^^1-57142§. 6. -25 X -875 of fH + ^.V 

3-16 + 1-5 V3-6 6-26/ 

7. 4+(-i-M) ^/idjj ^ .74A 3 i^^:85^ 

2 + 2x*26 V 2-^i / •5x-l -oS 

14-7§5 + 2-§S 1^ (|-i)(l-4--^) 

* 20-66-1-46' ' i of 2-2-5-6 • 



8. A. 


4. «. 


8. «. 


8. m. 


9. «• 


10. A^. 


18. Hi. 


14. A. 


16. Hf. 
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jj 2 5 + (8 25^-8)of '65 ^^ 2-0§ + l'5i 

(2i + lf)x2f-5-25 ■ * 2-03-1-M' 

«-| ltt-(f + l) -035 ^'70- 

MISCELLANEOUS EXAMPLES. XOVL 

1. Express 3-645 pks. + -0018 bns. - -09 qts. in pints. 

2. Express in inches 35 yds. - '0045 mi. - -052 fur. - -153 p. 

3. Express in yds. -0049 ml - (-6125 yds. + -62734 p. + '018325 fur.) 

4. Express -0029 ton + -273 cwt in lbs. 

5. Reduce ^ir ^^ 20 sq. rods to the decimal of ^ of an acre. 

6. Reduce -4097^ of $3+ -27 of $8 to the dec. of $20. 

7. Reduce '2345 of 6 lbs. 14 oz. - -427085 of 1 lb. to the dec. of 1 cwt 

8. Reduce 1"1 year ~ 1-3^7 of 308 days to the dec. of -5 year. 

9. Express ^ of 21 hrs. + -9979l6 of 1 day as the dec. of 1 week. 

10. Simplify 2-74§ of -254 of '190476 of $54. 

11. Simplify 2-27 of $4. 50 + 7 '45 of $16.50+ •357142S of $3.50. 

12. Prove that '3 of 40 days + -4 of 7 days 7 hrs. + -5 of 4 hrs. = '6 of 
22 days 12 hrs. 

13. Simplify 2*5 of 2 tons 6 cwt. +3 '125 of 1 cwt. 16 lbs. +3-75 of 
448 oz. 

14. Simplify '856 of 2 cwt 26 lbs. '- 3-2^? of 66 lbs. 

15. Simplify 5^^^ of 22*2 of '0§ of -254. 

16. Express in inches -03^4d of 10 yds. 

17. If the unit 24 yds. be applied to '267187S, what does it express 
in yds. ft. in. f 

18. Simplify 1*72 of '^76 of 15. 

19. Simplify 'W of 4 -11 of j| of 2-43S of $13.50. 

20. Reduce '40 of 2l6 of 3c. to the fraction of -62? of I'lS of $1.20. 

21. When a fraction in its lowest terms is reduced to a decimal, 
show that if the decimal is not finite it must recur. 

22. Show that f, h h h hf expressed as decimals maybe arranged 
in a square, so that the sum of each column and of each row is the 
flame. 



CHAPTER Vm 

APPROXIMATION 




143. The above diagram is intended to illustrate the 
relative importance of two digits, in a decimal expression 
which are three decimal places apart. 

Exam'pU (i). In each of the following numbers the left-hand 1 may 
represent the large cube, the right-hand 1 the small cube 
100100; 1001; lO'Ol; -0001001; etc. 

The comparcUive imjK)rtJince of the digits is independent of the 
position of the decimal puint. 

Example (ii). 67r>8 small cubes = 6 of the large cubes + 7 of the 
next blo'^k of cubes + 5 of the next -f- 8 small cubes. 

There is not space in the page to give a pictorial illustration on the 
same scale of the relative importance of digits which are more than 
three decimal places apart. 
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The student who wishes to realise in some way the relative import- 
ance of diurits which are four decimal places apart, is advised to go 
through the labour of counting 10,000 counters, as suggested in Art. 7. 

He will in this way understand how insignificant is the quantity 
represcTited by right-hand digits, in the following expressions, when 
compared with the quantity represented by the left-hand digit, no 
matter what may be the unit to which the number is applied. 

3000300 ; 10001 ; '070007 ; "000020002 ; etc. 

144. The first significant figure in a number is the 
first figure on the left which is not a cypher. 

Example. In each of the following numbers the 3 is the first 
significant figure : 37054000; 37*005; -00037504; '0000304. 

145. The significant figures of a number are those 
digits which indicate actual measurement. 

Example (i). It is stated that the population of England and 
Wales on a certain day in 1881 was 25,974,000. Here then are five 
significant figures. The expression may be read as * 25974 thousands 
of people. * 

Example (ii). It is stated that the average distance of the earth 
from the sun is about 92,000,000 miles ; here there are two significant 
figures ; it may be read 92 million miles. 

Example (iii). The average distance of the moon from the earth 
is about 238,000 miles ; here there are three significant figures. 

In the expression ^ about 92,000,000 miles' the cyphers do not 
indicate the absence of a digit ; they only indicate that the 92 stands 
for 92 millions, and they are not * significant figures.* 

Note. — A cypher may be a * significant fi^re.* 

Example (iv). The distance from Grantham to King's Cross 
(London) is 105*25 miles. 

The in this expression is a significant figure because it indicates 
actual measurement. Thus is a significant figure when it indicates 
the absence of a power of i^n in a number ; is not a significant 
figure when it is to the left of the first significant figure, nor when 
it is merely used as in Ex. (i), (ii), (iii) above, to indicate for other 
figures their proper power of ten. [See Art 13.] 

146. The following illustration will explain the import- 
ance of the term significant figures. 

Let the pupil attempt to make some measurement correct to four 
significant figures. Let him take the distance on a board between two 
carefully marked lines (about 30 or 40 inches apart) and measure the 
length of the line joining them ; and let him estimate this length to 
the hundredth part of an inch. 
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Let him repeat the measuring on. another occasion ; he will have to 
use the very greatest care in making each measurement if he wishes 
the two results to agree to four significant figures. 

147. The statement that the measure of a quantity is 
correct to a number, say 4, of significant figures, is 

understood to assert that the fourth figure is the nearest to 
the actual value. [See Example, p. 100.] 

Example (i). An imperial gallon of Great Britain contains 277 '274. . . 
cubic inches. To 3 significant figures, a gallon contains 277 cub. in., 
to 4 significant figures, a gallon contains 277 '3 cub. in. * 

Example (ii). The statement, a line contains 39*14 inches correct to 
4 figures, asserts that the actual distance difi'ers from 39*14 in. by less 
than *005 in.; the actual distance may be greater than 39*14 in. or it 
may be less, it is not stated which. 

148. The degree of approximation to which a 
measurement is carried may be measured roughly by tli^e 
number of significant figures known to be correct, in file 
number indicating the quantity. 

Example. The distance of the moon is given as 238000 miles, 
correct to 3 figures ; that is, 238 thousand miles. The wave-length of 
light of a particular colour is given as '000688 inches correct to 3 
figures ; that is, 688 mill ion ths of an inch. In the first case the 
* error ' is less than 500 miles [see Art. 147], in the second, less than 
•0000006 in. : that is, in the fii-st case, less than Tftirt^* ii^ ^^^ second 
less than raW^h of the whole. The degree of approximation in both 
cases is about the same. 

The degree of approximation indicated by the expres- 
sion correct to a certain number of significant figures does 
not depend on the magnitvde of the unit. 

Note. — It should be carefully noticed that the asking for a calcu- 
lation to be carried to the * sixth place of decimals ' meaning * to the 
sixth negative power of ten* without any indication of the magnitude 
of the unit employed gives no idea of the degree of approximation 
required. 

Example, Wlien asking for the expression of the distance of the 
moon correct to the ^ sixth decimal place,* it is important to state 
whether the unit is a million miles, or a mile, or an inch. 

* Note. — When it is known that the number is too small it is con- 
venient to indicate it thus : * a gallon contains 277+ ... c. in. ;' when it 
is known to be too large, thus : * a gaUon contains 277*3- ... c. in.* 
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149. The pupil will now be prepared for the state- 
ments, (i) that in practical work, measurements are not 
often correct to more than three significant figures; (ii) 
that when a quantity has been measured with the greatest 
degree of accuracy attainable, under the most favourable 
conditions, by the most skilful and accurate observers, the 
degree of accuracy attained very rarely exceeds that indi- 
cated by the expression correct to six significant decimal 
figures. 

1 50. We may also put the above statement thus : (i) 
in ordinary practice we are satisfied if the magnitude of 
any quantity is known to about the thousandth part of itself ; 

Examples, A man whose iucome is five or six hundred dollars a 
year would not think of stating its value more accurately than to the 
IT^arest dollar. 

* When the expenditure of the nation is mentioned no one thinks of 
attempting more than two significant figures. For example, the ex- 
penditure of Great Britain for 1883-84 was about 87 millions of pounds. 

(ii) in careful scientific work it is very rarely possible 
to obtain with certainty the measurement of any quantity 
nearer than the millionth part of itself. 

As regards intervals of time, it is said that Sir George Airy was 
able with his instruments to estimate one part in 8,640,000. As 
regards determination of weight, Professor Clerk Maxwell considered 
that one part in 5,000,000 could be detected. The measurement of 
length is most difficult ; in very careful measurements the degree of 
accuracy attained is considered to be about 1 part in 60,000 [Jevons, 
Principles of Science^ page 304. Macmillan]. 

Example, The length of the base line, on Salisbury Plain, used in 
the Ordnance Survey of England is * about 36578- ...* feet correct to 
five significant figures, that is, it is considered to differ from 36578 ft. 
by less than 5 tenths of a foot. [See Art. 147.] 

151. Absolute accuracy in practical work is thus 
obviously an impossibility. This, however, does not 
render accuracy in Arithmetic less necessary or less 
important. 

For a mistake in Arithmetic, if it occur at all, is just as likely to be 
made in the first or second significant figure as in any other. 
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a metre, 
a litre, 
a gram, 
an are. 



152. In the Metric System of weights and 
measures the units are as follows. [See Art 120.] 
The unit of Length is the Metre = 39 '37o79... inches. 
The unit of Capacity is the Litre = *264i... gallons. 
The unit of Weight is the Oram=15'432S5- -grains. 

= -00002204flai...cwt8. 
The unit of Surface is the Are =119 -6088... sq. yds. 

= -02471148... acres. 
The names of the multiples and sub-multiples are — 

niilli- 1 f TflW 

centi- ^ 

deci- -metre \ £ ^ 

one I -litre Id 1 

deka- ( -gram f ' ;| 1 10 
hecto- -are J « 100 
kilo- "" 1000 

myria- J I 10000 

All the other units are derived from the metre, thus : 
A litre is the content of a cubic decimetre. 
A gram is the weight of a cubic centimetre of pure 
water. 

An are is a square measuring a dekametre each way. 

The following facts may be noticed — 

1 Metre = 39 1 in. nearly. 70 yds. =64 metres nearly. 
25 millimetres =1 inch nearly.* 

1 Kilometre =1100 yds. nearly. 
8 kilometres =6 miles roughly, 

1 Are (=100 sq. metres) =ra^Aer less than 4 sq. rods. 

1 hectare =ra^^er less than 2^ acres. 

1 Litre =7warZy 1^ liquid quarts, or ^ of a dry quart. 
4 litres are a little more iJian a gallon. 

1 Gram =15 J grains nearly. 
28 grams = 1 oz. Avoir, ra 

1 Kilogram =2^ pounds Avoir, nearly. 

Metric ton ( = 1000 kilos) = 22 cwt. roughly. 

* At the side are two scales ; the longer contains 4 inches, 
and is subdivided into inches and eighths of an inch. The 
shorter contains 1 decimeter and is subdivided into 10 oenti« 
metres and into 100 millimetres. 
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163. Since, in any number, the quantity indicated by 
all the significant figures after the sixth, is so small 
{compared with the quantity indicated by the first two or three 
signifimnt figures) as to be imperceptible to our senses, it 
follows that the working out, by arithmetic, of any result 
correct to more than six or seven significant fi^gures, is often 
rather a matter of curiosity than of practical utility ; hence 
methods of contraction are often useful. 

Example i. Multiply 431*26726 by 3*9425631... ohtainiivg the pro- 
duct correct to six figures, 

431*2^X^1^ \ We multiply first by 3. It is generally safer to 
3*9425 631 J retain two places more than the number required to 
-J be correct ; we therefore cross out the 5 in the multi- 



1293*8017+ f plicand, and commence multiplying 2 by 3 ; at 

388*1405+ Vthe same time observing that we carry 1 from 

17*2507- J the 5. Having finished the multiplication by 3, 

:| we cross out the 2 and commence tlie multiplication 

I by 9 at the figure 7, carrying 2 from the 22 ; 

/ and so on. 

The process above is left unfinished ; the work is at the stage when 
the multiplication by 2 is to be begun. An example completely 
worked will be found on page 146. 



EXAMPLES. XOVIL 

Obtain the products to five significant figures of 

1. 3*14159x39*1393. 2. 1*41421x1*760773. 

3. 1*44225 of 39*37079. 4. 365*2422 of 1*968412. 

5. 14372*1 of -790321. 6, 43xV x 1*4^3?. 

7. 47*120Sof361*402. 8. 37*4123 of 115*0S?. 

9. -012345 of 49 *§6. 10. 4*371 of 90-625. 

11. (3*14159)2x3 m. 231 yds. 2 ft. 

12. (1*41421)2. 13. (l-44225)». 

Express 
14. 452 pints in litres. 16. 1760 metres in yds. 

16. The distance of the moon in kilometres to 3 figures. 

17. 84123 metres in feet. 18. 4840 sq. metres in sq. yds. 
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Example ii. Divide 1700*306 by 431*26725 etc. correa to five 
significaut figures. Process, 

431!^^X!^|^ )17003060 ( 3*94258 ... 
4065042 



1 83637 

11130 

2505 

349 



Since 5 significant fibres are 
required, keep (5 + 2) figures (if 
there are as many) in the divisor, 
and cross out a digit in the 
divisor after each multiplication ; 
remembering in multiplying to 
carry from the last digit crossed 
out. 

N.B. — Should there be less than 7 digits in the divisor, then make 
up the 7 digits with ciphers (to be successively crossed out). 

EXAMPLES. XCVIII. 

Obtain the following quotients to 5 significant figures : — 
1. 27 -3782-^-4*3267. 2. 4•07012-^37*776. 3. 671 -013-+ -067412. 
4. 1^3*14159. 5. 10-J-1*41421. 6. 372 '1 :M -44226. 

7. Express ^fff as a decimal to 4 figures. 

Prove the following statements : 8. 1 in. = *0253995... metres. 
9. 1 mile = 1609 "315... metres. 10. 1 gram =15*4... grains. 

11. 1 quintal (100000 grams) = 2 -2046... cwt. 

12. 1 litre=-2642 .. gallons. 13. 1 hectare = 2 '47114... acres. 
14. 1 sq. ft. = *092899 . . . sq. met. 16. 1 cnb. yd. = *764513 . . . cub. met. 

16. How many metres are there in 39*1393 in. ? 

17. A year contains 365*242216... mean solar days, or 366*242216... 

sidereal days ; show that a sidereal day= '99727 solar days. 

154. We may note the following facts: — , 

A BOlar year contains 365*242+ ... days. 
The diagonal of a square = 1*41421 + ... times a side. 
The diagonal of a cube = 1 *73206 + .. . times a side. 
The circumference of a oircle= 3*1416 - ... times its diameter. 
The area of a circle= 3*1416 - ... x the square on its radius. 
The surface of a sphere = 4 x 3*1416- ... x the sq. on its radius. 
The Yolume of a sphere =|^ of 3*1416- ... times the cube having 
the radius of the sphere for an edge. 

EXAMPLES. XOIX. 

1. Find to an inch the diameter of a square whose side is 100 yds. 

2. Find the side of a square whose diameter is a mile. 

L 
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8. Find how many times a "bicycle-wheel, whose diameter is 60 
inches, will turn in travelling one mile. 

4. Find to the 100th part of an inch the diameter of a cnbic yard. 

5. Find the area of a circle whose radius is 10 ft. 

6. Find the diameter of a wheel whose circumference is 15 ft. 

7. Find the circumference of a wheel 4*3825 ft in diameter. 

8. How many revolutions will a carriage wheel 5 ft. in diameter 
make in going a mile ? 

9. The circumference of the dome of St. Paul's is 339-4286 ft., find 
the area of its base in sq. ft. 

10. How many yards are there in the diameter of a square each of 
whose sides measures 1 mile ? 

11. What must be the length of the side of a square that the 
diagonal may measure 1 mile ? 

12. What must be the length in inches of the side of a cube that 
its diagonal may measure 1 yard ? 



165. The following examples illustrate the subject: — 
Example i. 

Multiplying 



Example i. Find the valrie of 365 yds. 32 in. at $14*829 per yd. 
Here 366 yds. 32 in. =365*8888 yds. 



14*829 

3658*888 

1463*555 

292-711 

7*318 

8*293 [See Art. 156. 



The value is $5425*665 

= $5425*67 nearly. 

EocampU ii. A tradesman* s debts are $47916.98, and his assets are 
$19436.79 ; how much can he pay in $100, and how much does a 
creditor for $3799.62 receive ! 

Here the debtor pays $19436.79 for $47916.98, 

therefore he pays $Jy§|^ for $100. 

479^^J(^)194367900*(40*5634 

2699980 

304131 

16630 

2255 
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Hence the debtor pays $40.56 in $100, and a creditor for $8799.62 
receives $3799.62 x -406634. 
That is, $1541.25 nearly. 

156. It is most important to notice that when one of 
two factors is correct to, say, 4 places, while the other is 
correct to, say, 7 places, their product is correct only to 
the smaller number 4 of places. 

For 10,000 X 10,000.000 = 100,000,000,000, 

and 10,000-6 x 10, 000, 000 -6 = 100, 006, 005, 000 '25. 

EXAMPLES. O. 

The answers expressed in $ to he given to the nearest cent ; other 
answers to he given correct to five significant figures. 

1. Find the value of 347-25 articles at $17932.50 each. 

2. Find the value of 4712| articles at $109.30 each. 

3. Find the value of 437-325 cwt. at $26.97 per cwt. 

4. Find the value of 4 m. 2 f. 11 p. of wire fencing at $218.60 per 
mile. 

5. A hankrupt owes $47510, and his assets* are $37414.50. What 
can he pay in $10D ? 

6. A hanki-upt pays $3.99 in $5, and his assets are $21798.76. 
What are his debts ? 

7. Find the value of 3-14168 tons at $77.65 per ton. 

8. Find the value of 13 tons 11 cwt. 97i lbs. at $79.18 per cwt 

9. Find the value of 469^ articles at $21.97 each. 

10. If 347-562 cwt. cost $18708.70, what will 1 cwt cost I 

11. If 4-3012 tons cost $423.45, what will 1 ton cost ? 

12. If 3 tons 11 cwt. 31J lbs. cost $2187.35, what will 1 cwt cost ^ 

13. Find the value of 40 yds. 2 ft. 7| in. at $50.74 per yd. 

14. A bankrupt fails for $33098, and his assets are $13896.21 ; how 
much does he pay in $100, and how much will a creditor for $450.95 
receive ? 

15. 3764 sq. yds. 7 sq. ft of building land is sold for $6208.50; 
find the price per sq. yd. and per acre. 

16. A bankrupt's debts are $11503.43, and he pays $49.48 in $100 ; 
what are his assets ? 

17. If 347-123 cwt of goods cost $11797.30, how much will 41-325 
cwt. cost ? 

* By a bankrupt's assets is meant the value of his pi-operty which is 
available for the payment of his creditors. 
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♦MISCELLANEOUS EXAMPLES. OL 

1. Find the difference between ff of 16 hrs. 7 min. and '0125 of 
67 days 18 hrs. 45 miu, 

2. Multiply -3142857 by •2^85714 to five significant figures, and 
verify by tractions. 

3. Find a decimal that is within la^oaa of ff|. 

4. Divide '2428571 by '685714^ to five significant figures, and 
verify by fractions. 

5. Standai-d gold contains fj^ of its own weight of pure gold ; how 
much pure gold is there in an English sovereign ? [A sovereign con- 
tains 123-274 grains of standard gold.] 

Find the value to five significant figures of 

6. 1 + 1 + J_ . _L_+_J__+etc 
1 2 2x3 2x3x4 2x3x4x6 

7. T + o + 5— H+ o K >T + etc. 
1 3 3x5 3x5x7 

8 ,^ /I 1 ^ 1 1 \ 4_ 

^^^\5~S75^'^5^^ 7x67 239* 

o -..11.11 1 1. 1 1. 
9. l + jx^ + -x^,+ — x^ + ^^^^^^x^,-f... 

10. Find the area of a circular estate enclosed by a ring fence a mile 
long. [See Art. 154.] 

11. Find the cost of gravelling, at 20c. per yard, a circular road 10 
yds. wide, the inner radius of the circle being 400 yds. 

12. Find the average speed of a train which travels 87H miles in 
1 hr. 21 m. 9 sec. 

13. Prove to five significant figures that 

14. Find the cost of 87*6 metres, at 2.31 fr. per metre. 
16. Find the weight of 234-5 litres at 63 grams per litre. 

16. How many litres are there in a cubic yard ? 

17. How many kilograms of water will fill a cistern whose capacity 
is 6 J cubic yards ? 



CHAPTER IX 



THE MEASUREMENT OF SURFACE AND OF CUBICKJONTENT 



157. The surfaces which are considered in Arithmetic 
are bounded by four straight lines forming a figure in 
which every angle is a right angle. 

The figure thus formed is called a rectangle. 

The opposite sides are equal; hence, when we know 
the lengths of two of the sides which meet at one of the 
corners, we also know the lengths of the other two sides. 



^12 



6 7 B 



The figure ABCD represents a rectaugle ; the angles at A, at B^ at 
C and at D are all right angles ; the side AB=DC ; the side BC=AD. 

The length of AB is called the length of the rectangle ; the length 
of AD is called the breadth of the rectangle. 

The number of square yards, square feet, etc., in a surface is called 
its area. 

158. In Art. 98 the unit of surface is defined to be a 
square surface measuring a linear foot each way called a 

square foot 



150 SQUARE MEASUR3 chap. 

We define a square inch to be a square surface 
measuring a linear inch each way. 

We define a square yard to be a square surface 
measuring a linear yard each way. 

Example. To prove that 144 square inches rruike 1 square foot. 
Take a square surface a foot each way and rule on it parallel straight 
lines an incli apart (as in the figure on p. 162). The square foot is thus 
divided into twelve rows, each row containing twelve square inches. 
Therefore a square foot contains 12 x 12 square inches. 

159. The length and breadth of a rectangle are called 
its dimensions. 

Examples. Each of the following is a rectangle ; the floor, each 
toall, the ceiling^ of an ordinary room ; each »ide of a rectangular box ; 
a lawn -tennis court ; the sheet of a newspaper. 

Example i. Let the figure ABCD on the last page represent the 
surface of a table 7 ft. long, 6 ft. wide ; let parallel lines be drawn on 
the table a foot apart, as in the figure. Then the surface of each square 
thus made is called a square foot. [Art. 98.] 

There are six rows each containing seven square feet ; hence, as in 
Art 27, there are 6x7 square feet in the surface of the table. 

Example ii. Suppose the length of a table to be 7 ft. 9 in. and the 
breadth to be 4 ft. 4 in. 

Here, 7 ft. 9 in. =93 in. ; 4 ft. 4 in. =52 in. 

Therefore, if we rule ou the surface of the table, lines an inch apart, 
each little square will be a square surface an inch each way. 

And there will be 52 rows, each row containing 93 square inches. 

So that there will be in all, 52 x 93 square inches in the surface of 
the table. 

160. The number of square feet in any rectangular sur- 
face is the product of the number of the linear feet in the 
length X the number of the linear feet in the breadth of 
the rectangle. 

Note. — Instead o^ feet, we may put yards throughout the above 
statement, or we may put inches. 

This is what is meant by the abbreviated state- 
ment ; length x breadth = area ; 
whence, breadth = area -r length ; 

also, length = area -^ breadth. 

It is convenient to read the symbol =, in statements like the above, 
as numerically equals. 
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Example, The length of a rectangle is 9| ft., and the breadth 5| 
ft. ; find the number of square feet in its surfcLce, 

Ansvoer, The required number of sq. ft. is 

5ix9i; which=Yx ¥=4x13=52. 

That is, the area contains 52 square ft. 

[For, 9i ft. =9 ft. 9 in. =117 in. 
5 J it. =5 ft. 4in.= 64 in. 

.*. by Example (ii) Art. 159, the area is 117 x 64 sq. in. ; 
fv^ofio 117x6^ ft /117 64\ ,^ /16 39\ .. 

= (9Jx5J)sq. ft.=62 8q. fUj 



EXAMPLES. OIL 

Find the area of the six rectangles whose dimensions are given, 
drawing a figure to verify the result in each case : — 

1. 3 ft. long, 3 ft. broad. 2. 10 in. long, 9 in. broad. 

3. 1 ft. 4 in. long, 1 ft. 1 in. broad. 

4. 4 yds. 2 ft. long, 3 yds. 1 ft. broad. 

Find the number of sq, yds. sq. ft. and sq. in. in each of the six 
following rectangles : — 

5. A room 26 ft. long, 15 ft. broad. 

6. A courtyard 55 yds. 2 ft. long, 36 yds. 1 fU broad. 

7. A hall 97 ft. 6 in. long, 40 ft. broad. 

8. The lid of a chest 5 ft. 3 in. long, 3 ft. 4 in. wide. 

9. A picture 2 ft. 5 in. long, 1 ft. 11 in. broad. 

10. The sheet of a newspaper 2 ft. 9 in. long, 2 ft. 4 in. broad. 

How many square yards of matting will be required for each of the 
rectangular floors having the following dimensions ? — 

11. 16 ft. by 14 ft. 3 in. 12. 21 ft. by 15 ft. 9 in. 

13. 294 ft. by 17i ft. 14. 5 yds. 2 ft. 6 in. by 4 yds. 2 ft. 

15. 32 ft. by 5 yds. 1 ft. 3 in. 16. 71 yds. by 3 yds. 1 fv. 

Find the breadth of each of the following rectangles, given their 
area and length : — 

17. Area 63 sq. ft., length 9 ft. 

18. Area 28 sq. yds., length 21 ft. 

. 19. Area 5 sq. yds. 7 sq. ft., length 9 ft. 9 in. 
20. Area 16 sq. yds. 4 sq. ft. 72 sq. in., length 6 yds. 2 ft. 3 in. 
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21. How many acres of land are there in a street 1820 yds. long, 
1 1 yds. wide ? 

22. How many square yards of York stone would be required for a 
pavement 7 ft. wide down one side of the above street ? 

23. How many square yards of carpet would be required for a square 
ix>om, each side of which is 17 ft. 6 in. ? 

24. A garden roller is 2 ft. 6 in. wide, and its circumference is 6 ft. 
6 in.; how many sq. ft. of turf does it pass over in one complete 
revolution ? 

26. The perimeter of {i.e. the length of a line drawn all round) 
a field is a third of a mile ; how many square feet of brickwork 
will there be in a wall 7 feet 6 inches high which surrounds it? 

26. What is the difference between * 3 ft. square * and * 3 square 
feefi 

27. A cricket field 100 yds. long, 57 yds. wide, has a path 5 ft. wide 
going all round it ; what is the area (i) of the field, (ii) of the turf, (iii)- 
of the path ? 

28. A room 21 ft. long, 16 ft. 6 in. broad, has a stained border all 
round it 3 ft. 6 in. deep ; what is the area (i) of the floor, (ii) of the 
unstained part, (iii).of the stained part ? 

29. A field 100 yds. by 62J yds. contains 3 cinder tennis courts, 
each 78 ft. by 36 ft., the rest of the field being turf; find the cost of 
the turf at Jc. per sq. ft. 

30. Find the cost of polishing a marble slab 7 ft. 6 in. long, 4 in. 
wide, at 20c. per sq. ft. 

31. Find the cost of carpeting a room 17 ft. 6 in. long, 12 ft. wide, 
at $1.25 per sq. yd. 

32. Find the cost of glazing 6 windows, each 7 ft. 6 in. high, 4 ft. 
wide, at 18c. per sq. ft. 

33. A gravel path 4 ft. wide runs round a square field 75 yds. long ; 
find the cost of making it at 28c. per sq. yd. 

34. How many sq. yds. etc. of linoleum will remain out of 50 sq. 
yds. after covering a floor 21 ft. 9 in. by 16 ft. 4 in. ? 

35. The area of a rectangular floor is 64 sq. yds., its length is 27 
feet ; what is its breadth ? 

36. The area of a rectangular courtyard is 144 sq. yds., and its 
length is 36 ft. ; what is its breadtli ? 

37. What length of a road 24 ft. wide will have an area of half 
an acre ? 

161. Tiie carpet which will cover the floor of a room 

has the same area as the floor. 

Example. Find the length of carpet | yd. wide required for a room 
21 ft. long 16 ft, broad. 
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[The area of the carpet before it is cut up into strips is equal to the 
area after it has been so cut up ; that is, it is equal to the area of the 
floor. Hence 

the required number of feet x j (which is the width of carpet in ft.) 

=no. of square feet in the floor 

= 21x16; so that] 

., , rr X- ft^ i« o 21x16x4 7xl6x^ 
the req. number of feet is 21 x 16-^f or, or, 5 » 

that is, 149^. 
Hence, the required length of carpet is 149 jj ft. 

162. Thus, to find the number of feet of carpeting 
required for a room, we multiply the number of feet in 
length of the room by the number of feet in the breadth of 
the room, and divide the product by the number of feet in 
the width of the carpet. 

[Instead of feet we may put yards throughout the above statement ; 
or we may put incJies.] 

This is what is meant by the abbreviated statement : — 
To find the length of carpet required for a room we multiply 
the length of the room by its breadth, and divide by the width of 
the carpet. 

Or, Length of carpet numerically equals 

^ length of room x breadths- width of carpet. 



EXAMPLES. OIII. 

Find the number of yards of carpet required for rooms having the 
following dimensions : — 

1. Room, 18 ft. long, 14 ft. broad ; carpet, 1 yd. wide. 

2. Room, 15 ft. long, 12 ft. broad ; carpet, 2 ft. 3 in. wide. 

S. Room, 17 ft. 6 in. long, 16 ft. broad ; carpet, 2 ft. 6 in. wide. 

4. Room, 21 ft. long, 14 ft. 3 in. broad ; carpet, 2 ft. 3 in. wide. 

5. Room, 16 ft. 4 in. long, 14 ft. 3 in. broad ; carpet, 3 ft. 6 in. 
wide. 

6. Room, 9 yds. long, 5 yds. 2 ft. 4 in. broad ; carpet, 3 ft. wide. 
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AREA OF WALLS OF A ROOM 



CHAP. 



Example, A room is 19 ft 6 in. long, 17 ft 4 in. wide, and 10 ft. 
6 in. high ; find the number of sq. ft in the surfoM of its walls. 

[Note. — In questions like this it ia undantood that the floor of the 
room is a rectangle. 



Let ABCD be the rectangular floor of the 
room. Suppose the walls to be four screens 
each 10 ft 6 in. high ; and suppose these four 
screens placed in a row as in the figure below. 
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19 ft. 6 in. 



B 17 ft 4 in. 



19 ft. 6 in. 



17 ft 4 in. A 



The four walls would then form a rectangle whose length is 
19 ft 6 in. + 17 ft 4 in. + 19 ft 6 in. + 17 ft 4 in. and whose width is 
10 ft 6 in. 

Hence, tJie area of the vjalls of a room numerically equals ttoice 
the sum of the length and breadth multiplied by the height. See Arts. 
160, 162. 

Thus, the process is as follows :] 
The area of the walls in square ft is (19i + 17J) x 2 x lOJ, 
that is 36fx21, 
that is llOi X 7 or, 773i (sq. ft.) 



EXAMPLES. OIV. 

Find the number of sq. yds. sq. ft etc. in the walls of the following 
rectangular rooms : — 

1. Length 16 ft. breadth 14 ft height 10 ft 

2. Length 5 yds. 2 ft, breadth 5 yds. 1 ft, height 3 yds. 2 ft. 
S. Length 14 ft 3 in., breadth 12 ft., height 9 ft 6 in. 

4. Length 20 ft 8 in., breadth 13 ft. 4 in., height 10 ft 3 in. 

5. Length 20 yds. 2 ft., breadth 18 yds. 2 ft, height 15 ft 9 in. 

6. Length 17 ft 5 in., breadth 15 ft 5 in., height 12 ft. 
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Note. — In papering the walls of a room, it is usual to use rolls of 
paper, each roll cousisting of a strip of paper 12 yards long, and 21 
inches wide. The problem of finding how many linear yai*ds of these 
strips of paper are required for the walls of a room, is like the problem 
of finding how many yards of a roll of carpet are required for the floor 
of a room : the length of paper numerically equals the area of the walls 
divided by the width of the paper, 

[It may however be remarked that a certain amount of paper and 
of carpet is usually wasted through the necessity of matching the 
patterns as the strips are placed side by side, while a certain amount 
of paper is saved by the space occupied by windows, doora, etc., for 
which paper is not required.] 

Exartiple. How many yards of paper 21 in. wide are required for 
a room 18 ft. long, 12 ft. wide, 10 ft. high ? 

Here, the number of sq. ft. in the walls is 2 (18 + 12) x 10 or, 600 ; 
the width of the paper is { ft. ; hence, 

the no. of (linear) yards required is ' * or, 200 x f , that is, 114|. 



EXAMPLES. OV. 

Find the length of wall paper required for the following rooms : — 

1. 24 ft. long, 21 ft. wide, 12 ft. high ; paper 21 in. wide. 

2. 20 ft long, 16 ft. wide, 14 ft high ; paper 21 in. wide. 

5. 40 ft. long, 20 ft. 6 in. wide, 12 ft high ; paper 22 in. wide. 
4. 384 ft- long. 16i ft- wide, 13J ft. high ; paper 22 in. wide. 

6. 33 ft 4 in. long, 12 ft 6 in. wide, 15 ft high ; paper 26 in. 
wide. 

6. 17 ft 3 in. long, 13 ft. 4 in. wide ; 13 ft 6 in. high ; paper 27 
in. wide. 

Example. How many paving stones, eacA sUme 2 ft. long, 17 in. 
wide, will cover a pavement 340 yds. long, 6 ft. wide ? 

[The number of square feet in all the paving stones together must 
be equal to the number of square feet in the pavement. 

Therefore the required number of stones is the number of times the 
area of one stone is contained in the area of the pavement] 

Each stone contains 2 x yj^ sq. ft ; 

the pavement contains 340 x 3 x 6 sq. ft. 

Hence, the req. number of stones is jL = 20 x 3 x 86=2160. 
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EXAMPLES. OVI. 

1. How many floor-boards, each 12 ft. 6 in. long, 5 in. wide, will 
cover the floor of a room 25 ft. long, 16 ft. wide ? 

2. How many stone slabs, each 8 ft. loqg, 2 ft. 6 in. wide, will pave 
a court 50 yds. long, 31 yds. 2 ft. wide ? 

S. riow many pieces of India mattin<]j, each 6 ft. long, 3 ft. 4 in. 
wide, will cover the floor of a room 13 ft. 4 in. long, 12 ft. wide ? 

4. How many ])ieces of paper, each 12 yds. long, 21 in. wide, will 
cover the walls of a room 28 ft. long, 13 ft. 6 in. wide, 14 ft. high ? 

5. How many pieces of French wall paper, each 9 yds. long, 25 
in. wide, will cover the walls of a room 18 ft. 9 in. long, 18 ft. wide, 
12 ft. high ? 

6. What will be the expense of papering a room 18 ft. 9 in. long, 
14 ft. 3 in. wide, and 14 ft. 3 in. high, with paper 19 in. wide, at 84c. 
per piece of 12 (linear) yards ? 

7. Find the cost of painting the outside of a rectangular box 4 ft. 
long, 3 ft. wide, 2 ft. high, at 2c. per sq. ft. 

8. Find the cost of painting the walls and ceiling of a room 16 ft. 
long, 15 ft. wide, 13 ft. 4 in. high, at $1.08 per sq. yard. 

9. Find the cost of papering the walls of a room 18 ft. long, 14 
ft. wide, 12 ft. high, with paper 18 in. wide, at 60c. per piece of 12 
(linear) yds. 

10. Find the cost of carpeting a room 15 ft. 6 in. long, 12 ft. 9 in. 
broad, with carpet 2 ft. wide, at $1.87^ per yard. 

11. Find the cost of covering the floor of a room 40 ft. 8 in. long, 
24 ft. 6 in. wide, with carpet 1 ft. 6 in. wide, at $1.12^ per yd. 

12. Find the cost of painting the walls and ceiling of a room 16 
ft. 8 in. long, 15 ft. 9 in. broad, 14 ft. high, at 27c. per sq. yd. 

13. The floor of a room which is 18 ft. long contains 27 sq. yds. ; 
what is its breadth ? 

14. It costs $60 to carpet a room 12 ft. wide at $1 per sq. yard ; 
what is the length of the room ? 

16. It costs $60 to carpet a room 15 ft. wide with carpet 27 in. 
wide, at $1.12^ per yard ; what is the length of the room ? 

16. A lawn 100 ft. long is turfed with sods 3 ft. long, 1 ft. wide, 
at $1.50 per hundred sods, at a cost of $30 ; what is the width of the 
lawn ? 

17. A room 18 ft. long, 14 ft. wide, has a stained border 2 ft. wide ; 
the rest of the floor is to be covered with Turkey carpet at $4.44 per 
sq. yard ; the staining costs 20c. per sq. yard ; what will be the total 
expense ? 

18. A garden 120 ft. Ion?, 60 ft. broad is to have a path 4 ft. 
wide running round it, and the reuiaimler is to be turfed ; the path 
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is to cost 50c. for 3 sq. yds., and the turfing $2.50 per hundred sods, 
3 ft. by 1 ft., including labour ; find the total cost. 

19. Find the cost of coverin<]j tlie inside of an open cistern 5 ft. 
long, 3 ft. wide, 4 ft. deep, with lead weighing 7 lbs. to the sq. foot, at 
$2.60 per cwt. 

20. How many bricks, each 9 in. long, 4^ wide, will pave the floor 
of a cellar 13 ft. 6 in. long, 6 ft. 9 in. wide I 

Cubic Measure. 

163. A rectangular solid is bounded by six rect- 
angular faces, each opposite pair of faces being equal 
and parallel to each other. 

164. In Art. 98 the standard unit of solid measure- 
ment is defined to be a rectangular solid measuring a 
linear foot each wjiy, called a cubic foot. 

DBF. A cubic yard is a rectangular solid measuring 
a linear yard each way. A CUbic inch is a rectangular 
solid measuring a linear inch each way. 

Example i. To prove that a cubic yard contains 27 cubic feet. 




It will be seen from the figure that a cubic yard can be divided 
into 3 parallel slices, each slice a foot thick. The largest surface of 
each slice is a square yard ; this can be divided into 9 square feet ; 
under each square foot in each slice is a cubic foot ; so that in a cubic 
yard there are 3x3x3 cubic feet. 

Example ii Prove that a cubic foot contains 1728 cubic inches. 

By the aid of the figure on p. 162 the student will be able to prove, 
as above, that a cubic foot contains 12 x 144 cubic inches. 
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166. A rectangular solid is said to have three dimen- 
sions, viz. lengfth, breadth, and thickness. 

The length and breadth are the length and breadth of 
the largest rectangle; the thickness (or depth) is the 
distance between these two largest rectangles. 

Example. The dimensions of a rectangular solid are length 4 ft., 
breadth 3 ft., thickness 2 ft. ; find the number ^ cubic feet in it. 



^ ^^'^P^ 



f 



The solid can be cut into two slices each 1 ft. thick, by a plane 
parallel to the largest rectangle, because it is 2 ft. thick. [If it were 

3 ft. thick it could be cut into three slices each 1 ft. thick, and so on.] 

The surface of each slice contains 3x4 square feet (because it is 

4 ft. long, 3 ft. broad) ; underneath each square foot is a cubic foot. 
So that the solid contains 2x3x4 cubic feet. Hence 

166. The number of cubic feet in a rectangular solid is 
the continued product of the number of feet in the length by 
the number of feet in the breadth, by the number of feet in 
the thickness. 

[Instead of feet we may put yards throughout the above statement ; 
or we may put inches.] 

This is what is meant by the abbreviated statement cubic 
content = length x breadth x thickness, [Art. 160.] 

EXAMPLES. OVII. 

Find the cubic contents of the rectangular solids (proving the result 
in each case by a figure) having the following dimensions : — 

1. Length 6 ft., breadth 4 ft, thickness 3 ft. 

2. Ler)gth 5 yds., breadth 3 yds., depth 3 yds. 

3. Length 2 yds., breadth 1 yd. 1 ft., depth 1 yd. 

4. Length 2 yds. 1 ft., breadth 2 yds., depth 4 ft. 

5. Length 1 ft, breadth 10 in., depth 4 in. 

6. Length 3 yds. 1 ft, breadth 1 yd. 2 ft, depth 1 yd. 
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167. A cabic foot of water weighs about 1000 oz. 
(Avoir.) [See p. 82.] 

Example i. A cistern, whose interior dimensions are 2 ft. 3 in., 
2 ft., 1 ft. 6 in., weighs 6 cwt. 4 lbs. when empty; whcU does it weigh 
when full of vxder f 

Its dimensions are 2J ft, 2 ft., li ft. 

Therefore it contains f x f x f , that is ^ cubic ft, 

27 X 1000 
Therefore the water weighs j oz. = 6760 oz. 

= 4 cwt. 21 lbs. 14 oz. 
Therefore the total weight is 9 cwt. 25 lbs. 14 oz. 

Example iL A wall 15 yds. long, 7 feet high, and 9 inches thick, is 
to be built of bricks, ea>ch of which with its share of the mortar measures 
9 in. by 6 in. by 3 in. ; hmo m>any bricks are required t 

[K.B. — The principle to be employed in solving such Questions is 
this : The number of tne bricks is the number of times whicn the cubic 
content of one brick is contained in the cubic content of the whole 
wall.] 

The number of cubic feet in the whole wall is (15 x 3) x 7 x }. 

The number of cubic feet in a brick is f x ^^ x i. 

Therefore the number of bricks required is 

^^/V^x^ » ^^at is, 8 X 7 X 4 X 12 X 3, or 3204 (bricks). 



EXAMPLES. OVIIL 

1. Find the weight of water in a cistern 11 ft. by 7 ft. by 8 ft. 

2. How many bricks each 9 in. by 4 J in. by 3i in. are required for 
a wall 27 yds. by 7 ft. by 15 in. ? 

3. How often can a bucket holding IJ cub. ft. of water be filled 
from a square tank 6 ft. long, 4 ft. 6 in. deep ? 

4. How many times can a barrel of 36 gallons be filled from a 
tank 7 yds. 2 ft. 1 in. by 1 yd. 2 ft. by 1 yd. 10 in. deep ? (1 gal. = 231 
cab. in. say). 

6. In how many minutes can a cistern 12 ft. by 10 ft. by 8 ft. be 
emptied by a pipe which discharges 15 cubic ft. of water per minute ? 

6. In what time can a cistern 3 yds. 2 ft. 6 J in. by 1 yd. by 18 in. 
be emptied by a pipe which discharges a gallon (231 cub, in.) per 
second ? 
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168. Using the abbreviated statement of Art. 166, 
we have, cttbk content = length x breadth x d^th. 
Therefore, cubic content -r- length = breadth x depth 

= surface of one rectangle ; 
also, cubic content -f- (Imgth x breadth) = depth. 

The student should write out in full the exact meaning of the above 
statements. [See Arts. 160, 162, 166.] 

Example, A cistern is 8 ft. long, 6 ft. broad ; what is the depth of 
the water in it when it contains 1000 gallons ? 

A gallon contains 231 cubic inches [Def. p. 82], therefore 1000 
gallons contain 231000 cubic inches. 

The length of the cistern is 96 in. 
The breadth is 72 in. 

Therefore the req. depth of the water is ^rr — =-^ in. or 33 '42... in. 
^ ^ 96 X 72 



EXAMPLES. OIX. 

1. There are 2400 cub. ft. of air in a room 12 ft. long, 10 ft. 
high ; how wide is the room ? 

2. A rectangular tank 1 ft. 3 in. deep contains 2100 cub. ft. of 
water ; what is the area of its surface ? 

3. There are 1152 cub. ft. of air in a room 9 ft. high ; find the 
cost of carpeting the room at 66c. per sq. yd. 

4. A cistern 32 ft. long, 25 ft. wide, 11 ft. deep, is emptied in 20 
minutes by a pipe whose sectional area is 44 sq. in. ; how fast does the 
water flow in the pipe ? 

5. The water from a cistern 16 ft. long, 5 ft. wide, 3 ft. deep, 
just fills a pipe whose section is 15 sq. in. ; find the length of the 
pipe. 

6. A rectangular log of mahogany is 2 ft. broad, 1 ft. 8 in. thick, 
and contains 4 cub. yds. ; what is its length ? 

7. Find the value at 64c. per cub. ft. of a block of stone 2 yds. 1 ft. 
3 in. long, 3 ft. 4 in. broad, 1 ft. 6 in. thick. 

8. A rod of brickwork contains 306 cub. ft. ; find the cost at $60 
per rod of a brick wall 34 yds. by 7 ft. 6 in. by 14 in. thick. 

9. The water in a cistern 5 ft. long, 2J ft. wide, weighs 1 ton 5 cwt. 
89 lbs. 1 oz. ; find the depth of the water. 

10. A box is 4 ft. 6 in. long, 3 ft. 3 in. broad, 2 ft. 9 in. deep ; find 
the cost of filling it with packets of note-paper each 9 in. by 6 in. by 
i in. at 82c. per packet. 
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11. Find the value of a stack, 30 ft. by 16 ft. 6 in. by 9 ft. 3 in. of 
bricks, each 9 iu. by 4^ in. by 3 in., at $25 per 1000 bricks. 

12. A solid stack, 41 ft. 8 in. by 16 ft. 8 in. by 14 ft. 7 in., contains 
125000 bricks, each 10 in. long, 3^ in. thick ; find the width of each 
brick. 

13. A pond of 3 acres is frozen to a depth of 6 in. ; find the weight 
of the ice at 896 oz. (Avoir.) iter cubic ft. 

14. A river 14 ft. deep, 182 yds. wide, flows at the rate of 3 miles an 
hiDur ; (i) how many tons, (ii) how many gallons of water pass a certain 
point per minute ? 

15. Find the weight in tons per acre of a rainfall of ^ in. 

16. Find the weight in tons per sq. mile of a rainfall of 3 in. 

17. A room 14 ft. 7 in. long, 12 ft. 5 in. wide, contains 2037 cub. 
ft. 189 cub. in. ; find the cost of papering it with paper 2 ft. wide at 
Ic. per yard. 

18. A cistern containing 720 gals, measures externally 7 ft. by 2 ft. 
11 in. by 5 ft. 6 in. ; the sides are 1^ in. thick ; find the thickness of 
the bottom, supposing 7^ gals. = 1 cub. ft. 

* Duodecimals. - 

169. In the 'Duodecimal ' method (used by glaziers and 
others) the following definitions are necessary. 

A linear prime (1') is the twelfth part of a foot. 

A superficial prime (1') is the twelfth part of a square foot. 

A cubic prime (1') is the twelfth part of a cubic foot. 

A second (1") is the twelfth part of a prime. 

A third (1'") is the twelfth part of a second. 

A fourth (1"") is the twelfth part of a third, 
and so on. 

Taking Fig. i. on the next page to represent a cubic foot, Fig. ii. 
represents a cubic prime, Fig. in. a cubic second, Fig. iv. a cubic 
third. 

Taking the shaded face of Fig. i. to represent a sq. ft., the shaded 
face of Fig. ii. is a superficial prime, the shaded face of Fig. in. is a 
superficial second. 

Thus a cubic third = a cubic inch ; a superficial second = a square 
inch ; and a linear prime = a linear inch. 

Example i. Express 22 ft. lOJ in. as a duodecimal. 
22 ft. 104 in. = 22 ft. 10'. 3". 

Example ii. Express 327 sq. ft. 10Ml".6"' in sq. yds. etc. 
327 sq. ft. 10'. 11". Q'" = (327 + H + tVj + A of ^Ir) sq. ft. 

= 36 sq. yds. 3 sq. ft. Wlj sq. in. 

M 
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CHAP. 



EXAMPLES. GX. 

Express in feet and inches — 
1. 4 ft. 3'. 2. 21 ft. 11'. 3". 3. 3 sq. ft. 3'.6".5'^ 

4. 8 sq. ft. lV.O\i'\ 5. 37 sq. ft. 10^9^7'". 

6. 3 c. ft. 3'. 4". 6'". 7. 5 c. ft. 10'. 8". 8"'. 8. c. ft. 4'. 3". 7"'. 8"". 

Express as duodecimals — 9. 41 ft. 9 in. 10. 3 ft. 11} in. 

11. 3 sq. ft 36i sq. in. 12. 4 c. ft. 108J c. in. 

Add together (i) as duodecimals, (2) as feet and inches — 

13. 12 ft. 7'. 8", 15 ft. 3'. 5", 17 ft. 9'. 7". 

14. 4 sq. ft. 10'. 9", 5 sq. ft. lOMr.6'", 28 sq. ft 9". 9'". 

15. 1 c. yd. 20 c. ft 3'. lO'Ml'", 4 c yds. 26 c. ft 3'. 4". 8", 
Oc. ft 10'.llMr^6"". 




Fio. I. 



1 70. The number of primes in the breadth of a rectangle 
multiplied by the number of feet in the length is the number 
of (superficial) primes in the surface of the rectangle. 
For 7'x 8 ft=A ft- X 3 ft =}J sq. ft =21 . 
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Hence we say, (linear) primes x (linear) /ec^ give primes (superficial) 

Similarly, (linear) primes x (linear) primes give seconds (superficial). 

(linear) primes x (linear) seconds give thirds (superficial). 

primes y.prim^ y.feet give seconds (cubic), 
i. Find the area of a rectangle 8 ft 6' . 6" long, 



" broad. 




,8.6' 
11. 4 


.6" 
. 9 


93 . 11 , 
2 .. 10 
6 


.6 
. 2 
. 4 



lift. 4'. 9' 
Process, 

We first multiply by 11 ft., 

remembering that 12"= 1' and 

12' = 1 sq. ft. We then multi- 

\ ply by 4', remembering that 

10 . 6"" /" 1' X 1" = V" (superficial), and then 

I we multiply by 9", remembering 

^riswer 97 . 4' . 0" . 10'" . 6"' \ that 1" x 1"= l'^' (superficial), 
or, 97 sq. ft. 48|i sq. in. ) 

Example ii. 7^ breadth of a rectangle which contains 
4 sq. ft. 7'. 3". 9'" M 2 ft. 1' ; find its length, 
ft. sq. ft. ft. 

Process, 2 . 1') 4 . 7' . 3" . 9"'( 2 . 2' . 6" etc. 
4. 2 " 



5.3 

4 . 2 The length required is 

2 ft. 2J in. nearly. 

1.1.9 
1.0.6 



EXAMPLES. CXI. 

Find by duodecimals the areas of the following rectangle 
1. 6 ft. 3 in. by 11 ft. 8 in. 2. 12 ft. 8'. 2" by 21 ft. 11'. 1". 

3. 8 ft 11'. 10" by 2 yds. 1 ft 4. 8 ft. 8'. 1" by 36 ft 4'. 10". 
Find the volumes of the following rectangular solids — 

5. 6 ft. 4' long, 5 ft 11'. 1" broad, 4 ft 6'. 6" deep. 

6. 15 ft. 1'. 3" long, 8 ft 7'. 4" broad, 6 ft 3' deep. 

7. 8 ft 7'. 2" long, 8 ft 7' broad, 6 ft. 1'. 3" deep. 

8. A floor 13 ft 10'. 2" long contains 150 sq. ft., find its breadth. 

NoTB. — The student may also work many of the other examples 
in this chapter by duodecimals. 



CHAPTEE X 

THl UNITARY METHOD of solving TROBLEMS, 

formerly called rule of three 

171. DEF, A quantity is said to vary directly as 
another quantity when they are so relatecl, that when one 
quantity is doubled, or trebled, or .multiplied by any numher 
whatever, the other quantity is doubled, or trebled, or multi- 
plied by the same number. 

It follows also that when one of the quantities is divided by any 
number the other must be divided by the sa^ne number. 

Eocample. The quantity of goods purchased vaiies directly as the 
amount of money spent, provided that equal quantities of the goods 
cost equal sums of money ; for then, if the goods be doubled, the 
money must be doubled also ; and so on. 

The quantity of goods purchased does not vary directly as the 
amount of money spent, when equal quantities do not cost equal sums. 
As for example, when some allowance in price is made to purchasers 
of large quantities. 

172. In questions stated in the following form it is 
always understood that the quantities named vary 
as one another. 

Example i. If\ lb. of tea costs 75c., what will 5 lbs. cod f 
The answer required consists of a number of cents, 
also, the more lbs., the more cents*; hence, 
since the number of cents which 1 lb. costs is 75, 
therefore the number of cents \\ hich 5 lbs. cost is 5 times 75, 

that is 375 (cents), i.e. $3.75. 

* We shall use this expression ' the m/yre lbs. the more cents,^ as an 
abbreviation for ' when the nuinJber of lbs.- is multiplied by any nwtiber. 
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Example ii. If 12 horses can plough 75 acres in a certain time, 
how many acres can 28 horses plough in the 8am£ tivne f 

The answer required consists of a number of acres, 
also the more horses, the more acres ; hence, 
since the number of acres which 12 horses plough is 75, 
therefore the number of acres which 1 horse can plough is ^ of 75, 
and the number of acres which 28 horses can plough is 28 times ^ of 75, 

that is 175 (acres). 



EXAMPLES. CXII. 

1. If 1 lb. of sugar costs 6c., how much will 11 lbs. of the same 
sugar cost ? 

2. If 8 lbs. of coffee cost $3. 20, how much will 1 lb. of the same 
coffee cost ? 

3. If 4 lbs. of sugar cost 24c., how much will 14 lbs. cost ? 

4. If the railway fare for 96 miles is ;$2.88, what is the railway 
fare for 1 mile, and what for 20 miles ? 

5. If it costs $10 to send 8 tons a certain distance, how much will 
it cost to send 10 tons the same distance ? 

6. If it takes 6 hours to pump 5400 gallons of water with a certain 
pump, how many gallons can be pumped in 1 hour ? how many can be 
pumped in 7 hours ? 

7. If 20 men can reap 15 acres in one day, how many acres can 32 
men reap in one day ? 

8. If 8 horses can plough 56 acres in a certain time, how many 
acres can 11 horses plough in the same time ? 

9. A man walks 66 miles in 13 hours ; in how many hours will he 
walk 45 miles at the same pace ? 

10. If 840 sovereigns weigh 21 lbs., how many lbs. will 480 
sovereigns weigh ? 

173. DEF. A quantity is said to vary inversely as 
another quantity, when they are so related, that when one 
quantity is doubled, or trebled, or multiplied by any number 
whatever, the other quantity is halved, or divided by three, 
or divided by the same number. 

the number of cents must be multiplied by the same nwrnher,* The student 
must notice that the converse is also true, t.e. that ' the less pounds, the 
less cents,* 
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Example. The time (i.«. interval of time) required for a piece 
of work varies inversely as the number of men employed, provided 
every man always does the same amount of work in the same time. 
For when the number of men is doubled, the time occupied is conse- 
quently halved ; and so on. 

Example i. If 9 men do a piece of work in 7 days, in how many 
days will 1 man do the mmje f 

The answer consists of a number of da3rB, 
also, the less men, the more days ; * hence, 
since the number of days in which 9 men can do the work is 7,' 
therefore the no. of days in which 1 man can do the work is 9 times 7, 

that is, 63 (days). 

Example ii. If 9 men can do a piece of work in 20 days, how iruiny 
men could do it m 15 days ? 

The answer required is a number of men, 

also, the more days, the less men ; hence, 

since the number of men who do the work in 20 days is 9, 

therefore the number of men who could do it in 1 day is 20 times 9, 

and the number of men who could do it in 15 days is ^ of 20 times 9, 

,, ,. 5x4x3x3 --, . 

that IS, — p — or 12 (men). 

5x3 — 

EXAMPLES. OXIIL 

1. If 7 men can mow a field in 3 days, in how many days could 
1 man mow the same field ? 

2. A ship performs a voyage in 75 days, sailing 5 knots an hour ; 
how many days would she take to perform the same voyage sailing 
1 knot an hour ? 

3. If 5 horses can plough a field in 7 days, in how many days could 
7 horses plough the same field ? 

4. A man walks from a certain distance in 14 hours, walking 4 
miles an hour ; how long would he take if he rode at the rate of 7 miles 
an hour ? 

5. A trains performs a journey in 7 hours, travelling at the rate of 
35 miles an hour ; how long would it take to do the same distance, 
travelling at the rate of 49 miles an hour ? 

6. A garrison of 2500 men has provisions for 11 months ; how long 
would they last if the garrison were reduced to 100 men ? 

7. If 12 men can mow a field in 22 days, how long would 33 men 
take to mow the same field ? 

* We shall use the expression * the less men, the more daySy as an 
abbreviation for * wh^n the number of men is divided by any number, tht 
number of days must be multiplied by the same number, ' 
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8. In what time will 39 men do a piece of work, which it takes 30 
men 26 days to accomplish ? 

9. If 20 bushels of corn feed 24 horses for 15 days, for how many 
days will they feed 9 horses ? 

10. If 18 horses plough 111 J acres in 15 days, how many horses can 
plough the same number of acres in 27 days ? 

1 74. In proceeding to solve the following problems we 
must in each case consider whether, from the nature of the 
two quantities, to an increase in the one corresponds an 
increase or a diminution in the other. 

Example i. If a loaf at 12c. weighs 64 oz. when wheat is $13.50 
per quarter ^ what should it weigh when wheat is $18 per quarter f 

The answer required is a number of ouneeB, 

also, the more dollars per qr., the less the number of oz. ; hence, 

since the number of oz. when wheat is $13.50 per qr. is 64, 

therefore, the number of oz. when wheat is $1 per qr. is 13} x 64, 

134 
and the number of oz. when wheat is $18 per qr. is •— x 64, 

that is, 48 (oz. ) 

Example ii. If 76 bushels feed 27 horses for a week, how many 
horses ivill 126 hxxahels feed for the same time t 

The answer required is a number of honeB, 
also, the more bushels, the more horses ; hence, 
since the number of horses fed by 76 bushels is 27, 
therefore, the number of horses fed by 1 bushel is ^V of 27, 
and the number of horses fed by 126 bushels is ^ of 27, or 46 (horses). 

N.B. — It is convenient to arrange the work as above. 

We consider, (i) which quantity is like the answer ; (ii) whether an 
increase in the other quantity increases or diminishes that like the 
answer. Then we arrange the supposition so that the measure of the 
quantity like the answer comes last For example, in Ex. ii. p. 168, 
tne supposition 

* If 9 men can do a piece of work in 20 days * is put thus : 

* The number of men who do the work in 20 days is 9. ' 



EXAMPLES. OXIV. 

1. If a workman earn $100 in 50 working days, how many days 
will he take to earn $210 ? 

2. If 12 men reap a field in 20 honrs, in how many hours will 16 
men reap the same field ? 
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3. If a carriage of 3 cwt. for 72 miles cost a certain sum, how much 
will be carried 27 miles for the same money ? 

4. If a 2 cent loaf weighs 10 oz. when wheat is $3 per bushel, what 
is the price per bushel when a 2 cent loaf weighs 6 oz. ? 

5. If the rent of 42 acres of land is $1260, how many acres of the 
same' land should be let for $810 ? 

6. If 13 cwt. cost $169, what will 60 cwt cost ? 

7. How many men can do a piece of work in 16 hrs. which 4 men 
can do in 24 hrs. ? 

8. In how many days can 20 men do a piece of work which it takes 
125 men to do iu 64 days ? 

9. If from a sack of flour I can make 48 loaves weighing 3 lbs. each, 
how many 4 lb. loaves can I make from the same ? 

10. If 40 bushels feed 60 horses for a week, how many horses would 
they keep for 36 days ? 

11. If 40 bushels feed 60 horses for a week, how many bushels will 
be required to feed 27 horses for the same time ? 

12. If 40 bushels feed 60 horses for a week, for how many days 
would they feed 12 horses ? 

13. If 40 bushels feed 60 horses for a week, for how many days 
would 280 bushels feed the same number of horses ? 

14. If 40 bushels feed 60 horses for a week, how many will be 
required to feed the same number of horses for 36 days ? 

15. How many yards of cloth worth $1.25 per yard must be given 
for 35 yards at $1.75 per yard ? 

16. If for the loan of a sum of money for 5 mouths, I pay $22\ 
what ought I to pay for a year ? 

17. If 63 yds. of cloth cost $225, how many yds. cost $160 ? 

18. A certain amount of sugar costs $168 at 7c. per lb., how much 
will it cost at 8c. per lb. ? 

19. A man gives away 3 cents for every dollar of his income ; what 
is his income, if he gives away $84 ? 

20. A bankrupt pays $3 in every $6, and his assets are $2260 ; 
what are his debts ? 

175. We work out two more examples. 

Example 1. Sow much will 1 cwt. 25 lbs. cost^ at $28.35 for 
6 cwt. 67 lbs. ? 

Here 1 cwt. 26 lbs. =125 lbs., and 6 cwt. 67 lbs. =667 lbs.; and 
less weight, less cost. 

Therefore since 567 lbs. cost $28.36, 
therefore 1 lb. costs 3^ of $28.36, 

and 126 lbs. cost iff of $28.36 ; or, $6.26. 
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Example ii. WhcU are a man*8 debts when his assets are worth 
$2262.60, and he pays %2 in $3 ? [See Note, p. 147.] 

Here, more payment, more debt ; and since 

a payment of $2 cancels a debt of $3, 

therefore a payment of %1 cancels a debt of J of $3, 

2262 50 
therefore a payment of $2262. 50 cancels a debt of — ~ — times $3, 

that is, a debt of ^????^?A? or, $3393.75. 

N.B. — No answers are given to the next 20 questions. 

21. If 36 articles cost $279, what will 37 articles cost ? 

22. If the 8c. loaf weigh 48 oz. when wheat is $12.50 per quarter, 
what should it weigh with wheat at $8 per quarter ? 

23. How. many yards of cloth at $2. 20 per yard should be given for 
121 yds. at $2 per yard ? 

24. Find the price of 2 tons 16 cwt. of coal when 1 ton 4 cwt. cost 
$4.50. 

25. If 7 houses are built in 1 year 9 months, how many can be built 
in 1 year 3 months at the same rate ? 

26. If 21 men can build a wall in 35 hours, how^ many could build 
it in 5 days of 9 hours each ? 

27. What is the value of 464 bushels of wheat at the rate of $7.25 
for 5 bushels ? 

28. How many yards of silk can be bought for $10.75 when 444 yds. 
cost $397.75? 

29. Find the value of 8 J tons at the rate of $48.75 for 3 tons 5 
cwt. 

30. What will be the rent of 43| acres when 18| acres are let for 
$288.75? 

31. How many dinners can be provided for $52.80 at the rate of 37 
dinners for $2.59? 

32. I borrow $8000 for 3 months ; how long should I lend $6000 to 
repay the obligation ? 

33. Find the tax on $2160 at the rate of 16c. for every $21.60. 

34. If the tax on a rental of $950 is $25, what should it be on 
a rental of $494 ? 

35. What are a man's debts when his property is worth $2571.25, 
and he pays at the rate of 68c. for each $1 ? 

36. Having given away at the v:\ie. of 16c. for every $1 of his income, 
a man has $2419.41 left ; what is his income ? 

37. A clock gains at the rate of 7 min. in ,360 hours ; how much 
will it gain in 7 days ? 
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88. How many days shoald 36 men take to finish a work of which 
27 men have done half in 30 days ? 

39. If 20 men reap a field of 144 acres in 5 days, how long will they 
take to reap a field of 96 acres ? 

40. If 70 yds. of matting 2 ft. wide cost $47.25, what should he the 
price of 70 yds. of similar matting 7 ft. wide ? 

*176. When two quantities vary directly as each other, 

and one of them is multiplied by any fraction, the other 

must be multiplied by the same fraction. 

For when one of the quantities is multiplied by the numerator of 
tlie fraction and divided by the denominator, the other quantity must 
be so too. 

When two quantities vary inversely as each other, and 
one of them is multiplied by any fraction, the other must 
be multiplied by the inverse of that fraction. 

We may express the same thing by the use of the word 
ratio [see Arts. 118, 119]. A quantity is said to be 
changed in a given ratio, say the ratio of 37 to 35, 
when it is multiplied by f^. 

A quantity is said to be changed in the inverse of a 
given ratio, say in the inverse of the ratio of 37 to 35, 
when it is multiplied by f f ; hence 

Art. 171 may be stated thus : Two quantities are said to vary as one 
another which are so related, that when one of the quantities is 
changed, the other is changed in the same ratio. 

Art. 173 may be stated thus : Two quantities are said to vari/ i?i- 
versely as one another which are so related, that when one of them is 
changed, the other is changed in the inverse of the same latio. 

Example. 1/17 men can do a piece of work in 187 days, in how 
many days could 11 men doUt 

That is : If 17 men can do a piece of work in 187 days, in how many 
days could ^ of 17 men do it ? 

Here, less men, more days ; 
therefore the required number is \i times 187 ; or, 289 (days). 

177. We work out three more examples. 

Example i. If 26 men reap afield in Z\ hours, how many men 
could reap the same field in 6| hours ? 

That is: If 25 men reap a field in Z\ hours, how many men 

on 

will reap the same field in ^f times 3^ hours ? 
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Here, more hours, less men ; therefore the required number of men 
is ?| times 25 ; that is, ^^^q^^^^^ ov 12 (men). 

Uxample ii. ff the carriage of 13 '6876 cwt. cost $9.49, what will 
the carriage (/ 1*6876 cwt. cost for the same distance f 

That is : If the carriage of 13*6876 cwt. cost $9.49, what will the 
carriage of ^ times 13*6875 cwt. cost ? 

Here, less weight, less cost ; therefore the required cost 

is -^gi^g times $9.49 ; that is, ^ of $9.49, or $1.17. 

Example iii. IfZ\ bush. 2 pks. of corn cost $61.66, how much com 
can he purchased for $102.50 ? 

That is : If 31 bush. 2 pks. of com cost $51.66, how much 

com can be purchased for times $51.66 ? 

Here, more money, w^ore corn ; therefore the required amount of 

com is -, -- times 31 bush. 2 pks., or tr^x^ x 126 pks., or 260 pks. 
01*00 _ 2Doo ' 



EXAMPLES. CXV. 

1. If the carnage of 64f cwt. cost $18.98, what will the carriage 
of 13]^ cwt. cost for the same distance ? 

2. If a household consumes 2f bushels in a week, how many will 
be consumed in 3 days ? 

3. How many yards of cloth at $6.60 per yard must be given for 
30 yards at $3.76 per yard ? 

4. If f of an article costs $1.80, how much would 1^ articles cost ? 

5. If 1*25 articles cost $7.50, what would l^j articles cost ? 

6. If 1*5 tons of goods cost $17.50, what will 8*75 tons cost ? 

7. If -441 lbs. cost $15.75, how much will 45*346 lbs. cost? 

8. If a man walk 3*67 miles in an hour and a quarter, how long 
will he take to walk 132*12 miles at the same rate ? 

9. If 3^ cwt. cost $29.68, what will be the cost of 9 cwt. ? 

10. A bankmpt whose assets are $4842. 41 pays 47c. in the $1 ; 
what must his assets be to pay 64c. in the $1 ? 

11. If 10 bush. 2 pks. of corn cost $5.25, how much can be pur- 
chased for $205 ? 
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12. What is the rent of 17 a. 25 p. when 3 a. 69 p. are let for 
$103.14? 

18. If the carriaffe of 2 tons is $2.08, how much will be the carriage 
of 2 tons 1 cwt. 25 lbs. for the same distance ? 

14. A watch which gains 3 min. 12 sec. per day is put right at noon 
on Monday ; what time will it indiciite at 3 p.m. on the following 
Tuesday ? 

15. The circumference of a circle varies as its diameter ; the circum- 
ference of a circle whose diameter is 1 yd. is 3*1416 yds. ; find the 
circumference of the circle whose diameter is 25 ft. 

16. A man working 3f hours per day does a piece of work in 3^ 
days ; how many hours per day must he work to do the same work in 
If days ? 

17. If it requires 67^ yds. of carpet f yd. wide to cover a room, how 
many yards of carpet | of a yard wide will be necessary to cover the 
same room ? 

18. Two clocks, one of which gains 5\ minutes per day, and the 
other gains 3f , are set right at noon on Monday ; in what time will 
there be a difference of half-an-houf in the times denoted by them ? 

19. Two clocks, one of which gains 1 minute and the otln-r loses 
2f minutes per day, differ by 15 minutes at noon on Monday ; how 
long will it be before they differ by 30 minutes ? 

20. 2370 men have provisions for 57 days, and after 17 days 120 
men go away ; how long will the remaining provisions last the men 
who are left ? 

21. Taking 64 metres as equal to 70 yards, how many metres are 
there in 39 '37079 inches ? 

22. It costs $161.16 to carpet a room 39 ft. 6 in. long, 25 ft. 6 in. 
wide ; what would it cost if the room were 10 ft. longer at the same 
price per sq. yd. ? 

23. If 865 bush. 1 pk. of barley cost $969.08, what will 602 bush. 
2 pks. cost ? 

24. Find the value of 7f things, when f of one of them cost $95.92. 

25. If a bankrupt pays $3.85 in $6, how much does he owe a 
creditor who receives $2401.63 ? 

26. Find the cost of 7 cwt. 25 lbs. at $43.12 per cwt. 

27. If 6 cwt. 52 lbs. of tea cost as much as 61 cwt. 94 lbs. of sugar, 
how much sugar should be given for 15 lbs. of tea ? 

28. If 3 cwt. 26 lbs. of tea cost as much as 30 cwt. 97 lbs. of sugar, 
how much tea should be given in exchange for 95 Ib^. of sugar ? 

29. A train going 33f miles per hour takes 2^ hours to travel a 
certain distance ; how long would a train going 38^ miles an hour take 
to do the same distance ? 

30. A wall that is to be built to the height of 27 ft. is raised 9 ft 
high by 18 men in 4 days ; how many men can finish it in 4 days ? 
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31. In a certain time the population of a town increased from 
15786 to 19670, find by how many a town of 100,000 inhabitants in- 
creases at the same rate in the same time. 

32. What dividend is paid on a debt of $626.30 by a bankrupt who 
pays 64 cents in the dollar ? 

33. In a two-mile race between A and B, A wins by 150 yards ; 
how much start could A give ^ in a mile race ? 

34. If 11 oxen are worth 85 sheep and 13 oxen are worth $1657.50, 
what is one sheep worth ? 

85. If 518 men can build a house in 243 days, in how many days 
will 567 men build a house three-fourths of the size ? 

36. If 8 miles 2 furlongs of railway cost $825143.15, find to the 
nearest cent the cost of 22 miles 7 furlongs. 

37. It costs $36.12 to paint a room 16 ft. long, 8 ft 4 in. broad, 
7 ft. 6 in. high ; what would it cost if the room were 2J ft. higher at 
the same rate ? 

88. How many men would be required to finish in 12 days some 
work, of which 4 men can do one- third in 10 days ? 

39. What length of a strip of ground 363 yds. wide should be 
given in exchange for a piece measuring 907 yds. 1 ft. 6 in. long, 78 
yds. 1 ft. wide? 

40. A garrison of 5000 men has provisions for 55 days, after 10 
days 500 men are killed ; how long can the garrison now hold out at 
the same rate ? 

41. A garrison of 4000 men has provisions for 128 days, and after 
80 days is reinforced by 800 men ; how long will the provisions now 
last at the same rate ? 

42. If 865 men can dig a field in 21 days of 10 hours each, in how 
many days of 10^ hours can twice as many men dig it ? 

43. If 55 men can reap a field in 7i days, how many days will 25 
men take to reap a field half as large again ? 

44. A bankrupt can pay $1.38 in $5 ; if his assets were $2250 more 
he could pay $1.56 in $5 ; find his debts. 

45. A bankrupt can pay 41c. in the $ ; if his assets were $3333. 33 
less he could only pay 38c. ; find his assets. 

46. A garrison has provisions for a certain number of days ; after 
12 days, \ of the men desert, and it is found that the provisions will 
now last just as long as at first ; how long was that ? 

178. In the foIIowiDg Complex Problems each (juan- 
tity varies as more than one other quantity. A 
Complex Problem is reduced to two simple problems by 
considering tack quantity to vary separately. 
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Example L If ^ men earn $36 tn 15 days, in how many days ivould 
5 meu earn $66 ? 

The answer required consists of a number of days ; 
and the number of days in which 4 men earn $36 is 15. 

Now, since the more men, the leas days, to earn a given sum, 
therefore the number of days in which 1 man earns $36 is 4 x 15, \ 
and the number of days in which 5 men earn $36 is |^ x 15. i 

Again, since m4)re money, more days (the no. of men being unaltered), 
the number of days in which 5 men earn $1 is ^ x |^ x 15, 
and the no. of days in which 5 men earn $66 is ff x |^ x 15, 

that is, — s — 5 — ^ — or 22 (days). 
' 6x6x5 — 

After sufficient practice the method of ratio may be 
adopted, and the work arranged as in Art. 176. 

Example ii. If 65 men reap a field of\0 acres in 3 days, how many 
acres will 9 men reap in 26 days ? 

That is : If 65 men reap 10 acres in 3 days, how many acres will 
■f^ of 65 men reap i» V of 3 days ? 

Here, less men, less acres ; more days, more acres ; therefore the 
required number is ^'^ x ^ times 10 ; that is, 12 (acres). 

Example iii. If 21 men in 25 days dig a trench 363 yds. long, 
5 ft. wide, 26 in. deep, how long a trench 2 yds. 1 ft wide, 22 in. deep, 
could 8 men dig in 49 days ? 

That is : If 21 men in 25 days dig a trench 363 yds. long, 5 ft. 
wide, 26 in. deep, how long a trench J of 5 ft. wide, ^ of 26 in. deep, 
could -^ of 21 men dig in If of 25 days ? 

Here, more width, less length ; less depth, more length ; less men, 
less length ; more days, more length ; therefore the required length 
isfx||x^x|f times 363 yds., or 228| yds. 



EXAMPLES. OXVL 

1. If 3 men earn $28 in 12 days, in how many days wiU 9 men 
earn $56 ? 

2. If 5 men earn $135 in 21 days, how many dollars will 30 men 
earn in 7 days ? 

3. If 11 men earn $275 in 40 days, how many men will earn $125 
in 8 days ? 

4. If 7 men can live on $1400 for 56 weeks, how long will $225 
last 3 men f 
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6. If 7 men can live on $1400 for 56 weeks, how many men can 
live on $600 for 3 weeks ? 

6. If 7 men can live on $1400 for 56 weeks, how much will keep 
56 men for 35 weeks ? 

7. If 12 furnaces consume 12 tons of coal in 10 hours, how long 
will 7 furnaces take to consume 35 tons ? 

8. A man earns $17 in 7 days of 9 hours each ; in how many days 
of 7 hours can he earn $25. 50 ? 

9. If 70 men dig 4 acres in 8 days, how many men can dig 11 
acres in 44 days ? 

10.. If 48 tons can be carried 120 miles for $106, how much should 
be charged for carrying 35 tons 144 miles ? 

11. If 10 men dig a trench 15 yds. long in 21 days, how many men 
can dig a similar trench 40 yds. long in 35 days ? 

12. If 14 men mow 76 acres in 6 days, how many men can mow 
114 acres in 9 days ? 

13. 25 men can do a work in 3 days of 8 hours each ; how many 
hours per day must 24 men work to do the same in 5 days ? 

14. What is the interest on $600 for 1 year if the interest on $2500 
for 7 years is $700 ? 

15. If 16 pumps can raise 1000 tons of water in 8 hours, how many 
pumps can raise 1250 tons of water in 20 hours ? 

16. If the 4 lb. loaf cost 12c. when corn is $10 per bushel, how 
much ought the 3 lb. loaf to cost when com is $8 per bushel ? 

17. If $12 is charged for the carriage of 8 cwt. for 128 miles, how 
far ought 4 cwt. to be carried for $1.50? 

18. A train travelling 33 miles an hour does a certain journey in 90 
minutes ; how long will an express travelling 54 miles an hour take to 
do double the distance ? 

19. If 1500 copies of a book of 352 pages require 66 reams of paper, 
how many reams will be required for 10000 copies of a book of 396 
pages ? 

20. If a man walk 96 miles in 5 days walking 6 hours a day, in 
how many days will he walk 480 miles walking 5 hours a day ? 

21. If 2 horses can plough 7 acres in a day, ,how many horses can 
plough 161 acres in 11 J days ? 

22. A man travels 1056 miles in 12 days, travelling 11 hours a day ; 
in how many days would he travel 480 miles at the same rate, travel- 
ling 6 hours a day ? 

23. If 16 tons 5 cwt. of provisions serve 2100 men for 13 days, on 
what weight could 4340 men live for 6 weeks ? 

24. The railway fares in Prussia are two-thirds of those in England ; 
if it costs $5.40 to travel 180 miles in England, what will it cost to 
travel 160 miles in Prussia ? 
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25. If jiasturage for 28 oxen for 11 days can be obtained for $37.20, 
what should be paitl for 33 oxen for 63 days ? 

26. A garrison of 1000 men has supplies for 10 weeks, allowing 
8 oz. per man per day, but is reinforcea by 250 men ; what must be 
the daily allowance that they may now last out 12 weeks 1 

27. If 25 men can do some work in 13^ days of 10 hours each, in 
how many days of 9 hours will 30 men do twice as much ? 

28. A garrison of 1800 men has provisions for 12 weeks ; how long 
will the provisions last if 600 more men are introduced, but the daily 
allowance per man diminished by a third ? 

29. If 46 men in 28 days of 10 hours excavate 2790 tons of earth, 
in how many days will 35 men, working 12 hours a day, do twice that 
amount of work ? 

30. If 7 horses draw 5J tons along 56 yards on a road in 10 minutes, 
how many horses will be required to draw 11 tons along 50 yards in 
5 minutes ? 

31. If 5 men can hoe 10 acres of turnips in 4 days of 10 hours each, 
and 3 men hoe as much as 5 boys in the same time, in how many days 
of 124 hours will 8 boys hoe 12 acres ? 

32. If 7 men mow 37 acres in 3 days, working 8 hours a day, how 
many men could mow a field of twice the size in 7 days, working 4 
hours longer each day ? 

33. If 15 men can build a wall 7 ft. l«ng, 16 ft. high, 14 in. thick 
in 16 days, in how many days will 10 meu build a wall 35 ft. long, 
14 ft. high, 9 in. thick ? 

84. If 7 men, working 16 days, can mow a field 132 yds. long, 
880 yds. wide' how long is a field which is 660 yds. wide which 4 men 
can mow in 42 days ? 

35. If 20 men can mow a field of 9i acres in 8J days of 10 hours 
each, how many fields of twice the area can 255 meu mow in 10 days 
of 8 hours each ? 

36. If 5 men or 10 women can reap a field of 12i acres in 3i days 
working 16 hours a day, in what time can 2 men and 10 women reap 
a field of 15 acres working 12 hours a day ? 

87. If the gas for 5 burners 5 hours each evening for 10 days costs 
$1.02, what will be the cost of 75 burners which are lighted 4 hours 
every evening for 15 days, supposing that 5 of the first set of burners 
consume as much gas as 6 of the second ? 

38. If 22 men can dig a trench 420 yds. long, 5 wide, 3 deep, in 
360 days of 9 hours each, in how many days of 11 hours each will 
252 men dig a trench 210 yds. long, 3 wide, 2 deep ? 

39. If 72 cwt. of lead will cover a roof 48 ft. long, 32 wide, with 
lead tV of an inch thick ; what is the lenji^th of a roof 25 ft wide 
which requires 75 cwt. of lead J of an inch thick to cover it ? 

40. If 9 men can mow a square meadow in 4 days, in what time 
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can 7 men mow a square meadow one -sixth as long again as the 
former ? 

41. If 6 men and 9 boys, working 12 hrs. a day, make a drain 225 
yds. lont? in 9 days, in how many days can 10 men and 12 boys, work- 
ing 10^ hrs. a day, make a drain 175 yds. long, the work of a boy 
biing I that of a man ? 

42. 160 men in 6 days of 11 hours each dig a trench 230 yds. long, 
5i wide, 14 deep ; in how many days of 8 hours each could 96 men 
dig a trench 220 yds. long, 3^ wide, and 1 deep, when the hardness 
of the ground in the first case is to that in the second case as 5 to 7, 
and 4 men of the latter company can do the work of 5 men in the 
former ? 

179. The following examples in 'Exchange' are 
Complex Problems. 

Example. When exchange at New York on Paris is 516 francs per 
100 dollars, and exchange at Paris on Hamburg is 123 francs i)er 100 
marks ; whcU will a draft for 2580 marks ai Hamburg cost in New 
York? 

That is, 100 dollars at New York will buy an order for 516 francs 
to be paid in Paris ; 123 francs in Paris will buy an order for 100 
marks to be paid in Hamburg ; we are to find how much should be 
paid in New York for a draft for 2580 marks payable in Hamburg. 
Hence we have, 2580 marks = 2580 times 1 mark 

= 2580 X \l^ times 1 franc 

= 2580 X ^ X ^ times 1 dollar 

= 615 dollars. 

N.B. — In practice, one line only need be. used, the reducing ratios 
being introduced successively. 

The following method is called Ohain Rule. 
"We write down the statements in the question thus, 
required no. of dollars = 2580 marks, \ [Here each denomination 

I occurs once on each side of 
100 marks = 123 francs, Vthe sign = ; we then equate 



I the product of the numbers on 



516 francs = 100 dollars, J each side.] 
80 that (req. number of dollars) x 100 x 516 = 2680 x 123 x 100, 

4.V r fA^^' 2580 X 123 x 100 .... ._ - 
therefore req. no. of dollars is . ^ — ^^^ , that is, 615. 

EXAMPLES- OXVII. 

1. If on Exchange £5 is worth 34 German, thalers and 51 francs are 
worth £2, how many thalers will be given in exchange for 50 francs ? 

N 
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2. If 100 dollars are worth 514 francs, and 100 marks worth 126 
francs, how many dollars will be exchanged for 2056 marks ? ' 

3. If £1 is exchanged for 25 '6 francs, and 1 franc for 172 Portuguese 
reis, how many reis should I get for £6 ? 

4. £1 is exchanged for 12*15 Dutch florins and 9'5 Dutch florins for 
20 francs ; find the value of £10. 98. in francs. 

6. If for £5 I receive 127 francs and for 20 francs 22 lire 5 centesimi, 
how many lire and centesimi should I receive for £26. Its. Sd, (1 lira 
= 100 centesimi)? 

6. 117 lire are given for £4 and 94 2 lire for 88 francs ; how many 
francs will be given for £26. Ss. 4rf. ? 

7. If at Philadelphia exchange on Liverpool is 4*895 dollars per £1, 
and at Paris on Liverpool 24 '965 francs per £1, what is the exchange 
on Philadelphia at Paris per dollar ? 

8. If in London exchange on Paris is 25 '25 francs per £, and at 
Paris exchange on Lisbon is 172 reis per franc, what is the exchange 
at London on Lisbon per £ ? 

9. If 4 chickens are worth 8 ducks, 7 ducks worth 2 geese, and 9 
geese worth 7 turkeys, what is the price of a chicken when a turkey 
costs 14.50? 

10. If on exchange 48 lbs. of tea are given for 55 gals, of ale, and 
63 gals, of ale for 24 bottles of wine, and 11 bottles of wine for 9 pairs 
of gloves, how many pounds of tea must be given for 20 paira of 
gloves ? 

11. If If yds. of cloth are worth ^^ of a bushel of corn and 12 j^ds. 
of cloth cost 4 J dollars, what is the value in English money of 40 
bushels of corn, a dollar being worth 4$. 2d. ? 

12. On exchange £1 is worth 4 dollars 7 cents, and 25 francs 2 
centimes in French money ; how many cents do I lose in exchanging 
£15 at the rate of £1 for 25 francs ? 

18. A merchant in London is indebted to one at St. Petersburg 
15000 roubles ; exchange between St. Petersburg and London is 50d. 
per rouble ; between St. Petei-sburg and Amsterdam 91d. (Dutch) per 
rouble, and between Amsterdam and London 36s. Sd. (Dutch) per £1 ; 
what difference will it make if the London merchant is drawn upon 
through Amsterdam instead of direct ? 

14. A New York merchant owes 1500 marks in Frankfort ; should 
he remit direct from New York or through London ? Exchange 
at New York on Frankfort being 23*5 dollars per 100 marks, on 
London 4*875 dollars per £, and at London on Frankfort 20*75 marks 
per £. 



CHAPTER XI 

ON PROBLEMS CONCERNING TIMB 

I. Time and Distance 

180. The average speed of a moving object varies 
directly as the distance traversed and inversely as the 
interval of time occupied in traversing that distance. 

The average speed of a train going 30 miles in an hour is three 
times as great as that of a train going 10 miles in an hour ; and half 
as great as that of a train going 30 miles in half an hour. 

ExavipU i. One man A starts from London to walk to Cambridge, 
a distance of 52J miles, at a uniform speed of 3^ miles in one hour ; an 
hour later another m>an B starts from Cambridge for London^ walking 3| 
miles in one hour ; when will A m£et 6 ? 

Here, A has already gone 3| miles before B starts. 

Hence, when B starts there are 49 miles to he traversed : of this, in 
one hour A walks 3^ and B walks 3| ; thus of the 49 miles (3J + 3|), 
or 7 miles are passed over in each hour. 

Thus, between them they will have walked the whole distance, and 
will therefore meet in 7 hours after B started. 

Example ii. An ordinary train leaves apUiceat 10 a.m. and travels 
at the rate of 30 miles per hour ; an express train leaves the same place 
a^ 11.15 A. M., and travels on another line of rails at the raJteof i^ miles 
per hour ; where will the second train overtake the first f 

To solve questions of this kind we must consider how much on« 
train gains on the other in an hour. 

'J'he first train has started f of an hour and is therefore \ of 30 
miles or 37i miles away, wh.en the second train starts ; 

therefore the express has to gain 37^ miles on the other. 

Th« express gains 15 miles while it goes 45 miles ; 
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therefore it gains 37i miles while it goes ~ of 45 miles ; that is, 

while it goes J^ x 45, or 112^ miles. 

That is, it overtakes the other 112^ miles from the starting place. 

Example iii. At what time bettoeen 5 and 6 o'clock tcill the hands of 
a clock he at right angles to each other f 

Let the circumference of the dial he divided into 60 (minute) 
BpaceB. The large hand passes 60 spaces in one hour, the hour hand 
passes 5 spa4:es in one hour. 

The large hand therefore gains 55 spaces in one hour. 
Now at 5 P.M. the large hand is 25 spaces hehind the hour hand, 
and it is at right angles to it (i) when it is 15 spaces behind, and (ii) 
when it is 15 spaces ahead, of the hour hand. It will be at right 
angles therefore between 5 and 6, (i) when it has gained (25 - 15) or 10 
spaces, and (ii) when it has gained (25 + 15) or 40 spaces. 
The large hand gains 55 spaces in an hour ; therefore, 
(i) it gains 10 spaces in \^ of an hour, 

that is, in ^r of 60 min., that is, in lOff min. 
(ii) it gaius 40 spaces in ^ of an hour, 

that is, in ^ of 60 min., that is, in AZ^ min. 
Hence the hands are at right angles (i) at 10^^ min. past 5, 
(ii) at 43tt min. past 5. 

Example ir. In a mile race A heats B hy 80 yards and he heats C 
hy %7 yards ; hy how much could B heat C in a mile race ? 

Here, B runs (1760 - 80) yards while C runs (1760 - 87) yds., hence 
B nins 1 yard while C runs \%i^ yds. 

and B runs 1760 yards while C runs \^ x 1760 yds. 

that is, ^^^^^^^ or 1752| yards. 
Thus, B beats G by 7J yds. in a race of 1760 yds. 



EXAMPLES. OXVIII. 

1. A train going 30 miles an hour leaves Bristol for London at 1 
P.M., another going 50 miles an hour leaves London for Bristol at the 
same time ; when and where will they pass each other ? [London to 
Bristol is 120 miles.] 

2. A train going 25 miles an hour leaves Bristol at 1 p.m. for 
London, another going 30 miles an hour leaves London for Bristol at 
2.12 P.M. ; when and where will they meet ? 

3. A mail train leaves London for Edinburgh (400 miles) at 10.20 
A.M., and travels 36 miles an hour; an express leaves London for 
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Edinburgh at noon and travels 45 miles an hour ; when will it over- 
take the mail, and how much sooner will it reach Edinburgh ? 

4. A starts from Ely for London (68J miles) at 9 a.m., walking SJ 
miles an hour, B starts an hour later from Ely and reaches London 
at the same time as A ; what was his speed ? 

6. One clock gains 3 minutes in 24 hours, and a second gains 3 
minutes in 15 hours ; the first is put right on Jan. Ist, the second on 
Jan. 2nd ; when will they indicate the same time ? 

6. A postman has 10 miles to walk in 3 hours ; he walks the first 
4 miles at a speed of 3} miles an hour, the next 2 miles at a speed of 
3 J miles an hour, the next mile at a speed of 3 miles an hour ; in what 
lime must he walk the last three miles ? 

7. Two clocks are at 12 noon ; one loses 7 seconds and the 
other gains 8 sees, in 24 hours ; when will one clock be half an hour 
before the other, and what time will each show ? 

8. At what times will the hands of a clock be at right angles (i) 
between 7 and 8, (ii) between 2 and 3, (iii) between 12 and 1, (iv) 
between 3 and 4 ? 

9. When are the hands of a clock (i) over one another, (ii) opposite 
one another, between 1 and 2 ? also between 4 and 5 ? 

10. A watch which is 10 minutes too fast at noon on Monday loses 
3 m. 10 sec. per day (24 hrs.) ; what time will it indicate at a quarter 
past 10 A.M. on the following Sunday ? 

11. If the hands of a clock coincide every 65 minutes, how much 
does the clock gain or lose in a day ? 

12. Two columns of troops, one 1000 yds. long, the other 5100 yds. 
long, are marching in opposite directions, the first at 4 miles in an 
hour, the other at 3^ miles in an hour ; how long would they take to 
pass each other marching in opposite directions ? 

13. If the above columns {Question 12) were marching in the same 
direction, how long would they take to pass each other ? 

14. A and B run a mile race ; A runs the whole course at a uniform 
rate of 320 yds. per minute ; B runs the first half mile at 300 yds. per 
minute, the second half at 340 yds. per minute ; which wins, and by 
how many seconds ? 

16. In a mile race A starts at 270 paces of 48 inches per minute, B 
at 300 paces of 44 in. per minute ; after 4 minutes B quickens his 
s I teed t ) 320 paces per minute ? wliich wins ? by how much ? and in 
what time ? 

16. A can beat B by 20 yds. in a mile race, B can beat C by 20 
yds. in a mile race ; how many yards start can A give C that there 
may be a dead hent ? 

17. In a mile race A beats B by 20 yds. and he beats C by 40 yds. ; 
by how much could B beat C in a mile race ? 

18. A can give B 20 yds. and C 41 yds. start in a quarter of a mile ; 
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B can give C a start of 3 seconds over the same distance ; how long 
does C take to run a quarter of a mile ? 



II. Time and Work. 

181. In the following questions the amount of WOrk 
done in a certain interval of time by a number of men is 
always understood to vary directly as the number of men 
and inversely as the interval of time. 

Example i. Ttco men A and B working separcUely can finish apiece 
o/tvork in 5 hours and 6 hours respectively ; in how many hours could 
they finish it working together t 

A can do the work in 6 hours ; therefore A can do \ of the work in 

1 hour ; similarly B can do \ of the work in 1 hour. 

Together, they can do ^ + i^ or -^^ of the work in 1 hour ; 
therefore they can do 11 times the work in 30 hours, 
and they can do the work in |^, that is, in 2yV hours. 

Example ii. A and B undertake to do & piece of work /or $28 ; A 
could do it alone in 7 days ; B could do it alone in 8 days ; with the 
help of a boy they do it in 3 days ; how should the money he divided f 

Let the piece of work be the tmit work ; then since A could do the 
work in 7 days, he does f in 1 day ; similarly B does ^ in 1 day. 

Therefore, in the 3 days, A does f of the work, B does -f, and the 
boy does the rest, which is 1 - f - f , that is \^ of the work. 

Hence A should have f of $28, or $12 ; B should have f of $28, or 
$10.50; the boy should have \\ of $28, or $5.50. 

Example iii. A cistern can he filled from either of 3 pipes A^ B, and 
C ; A and B together fill the cistern in 20 miiu, B and C together fill it 
in 18 min. ; and A and C together fill it in 15 min. : in how many 
minutes could B alone fill it f 

Let the cubic content of the cistern be the unit of cubic content, 
then the pipes A and B together pour in ^^j of the unit in 1 min. 
and the pipes B and C together ])our in ^^g in 1 min. ; therefore 
4 pipes, namely 1 of ^'s size, 2 of ^'s and 1 of (7*8, together, could 
pour in ^ + iVi that is ^jf of the unit in 1 min. 

But A and C together pour in yV in 1 min. ; therefore (subtracting) 

2 pipes of ^'s size could pour iu t^s - te* that is, y^ff in 1 min. ; 
therefore B pours in ^ of yj^, that is, y^ in 1 min. 

Therefore B could fill the cistern in 'f * min. or 51| min. 
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EXAMPLES. OXIX. 

1. A can do a piece of work in 10 days which B can do in 16 days ; 
how long would they take to do it working together ? 

2. A and B together can do a piece of work in three days which A 
alone can do in 6 days ; in what time could B alone do it ? 

8. Ay Bf and together can do a piece of work in 5 days which 
B alone can do in 12 days ; in how many days can A and C together 
doit? 

4. Two taps separately fill a cistern in 9 and 12 min. respectively ; 
the waste pipe empties it in 8 min. ; in what time will the two taps 
together fill the cistern when the waste pipe is open ? 

6. A cistern is filled by two spouts in 15 and 25 minutes respec- 
tively ; it is emptied by a tap in half an hour ; what j)ortion of it will 
be filled in 10 minutes when they are all left open ? 

6. Two taps can separately fill a cistern in 10 and 12 min., and 
when the waste pipe is open they can together fill it iu 15 min. ; how 
long does the waste pipe alone take to empty the cistern ? 

7. A and B working together can do a piece of work in 7 days : B 
alone can do it in 13 days ; supposing B works at it for 3 days, in how 
many days could A alone fini;ih it ? 

8. After a certain number of men had been employed on a certain 
work for 24 days and had half finished it, 16 more were set on, and the 
remaining half was completed in 16 days ; how many men were 
employed at first ? 

9. 35 men begin a piece of work which together they could 
complete in 45 days, but at the end of 15 days 7 men are taken off; in 
how many days will the work be completed ? 

10. A and B undertake to do a piece of work for $5.60 ; A can do it 
alone in 6 days, B can do it in 7 days ; with the help of a boy they 
finish it in 3 days ; how much ought they to give the boy ? 

11. Af By and C can together do a piece of work in 5 days ; after 
working at it \vith B and C for 2 days, A leaves off and B and C finish 
it in 5 days more ; in what time can ^ do it ? 

12. A does half as much work again as B in the same time, and B 
does one-third as much again as C ; working together they can do a 
certain work in 5 days ; if after working at it alone for 2 days A leaves 
oft', how long will B and C take to finish it ? 

13. Of a piece of work 2 men and 5 boys can do a half in 5 days ; 3 
men and 4 boys can do a third in 3 days ; in how many days could 9 
men do it ? 



CHAPTER XII 

PERCENTAGE 

182. Per cent, (that is, j)er centum) means ^for everif 
hundred.' 

Example. * In an examiTiation a certain candidate obtained 73 per 
cent, of full marksj' means, that he obtained on the whole 73 out of 
every hundred, or yVir o^ the total number of marks given : Hence 

73 per cent, expresses the fractional part -Z^^-. 

73 per cent, is often written 73 %. 

In many cases the importance of a quantity depends more on wJuU 
part it is of some other quantity than on its actual size ; for example, 
suppose that in a certain town the number of deatlis in a given year is 
4000. This would be a startling fact if the town contained only .say 
10,000 inhabitants, but it would be nothing unusual if the town con- 
tained, say 200,000 inhabitants. In the first case the number of 
deaths is yWA or ^% of 10,000, that is, * iO per cent.* of the popula- 
tion ; in the second case it is tMMt» oi" tIt> of 200,000, that is, *2 
per cent. ' of the population. 

Since then it is often important to know what fractional part one 
quantity is of another, and since fractions having a common denomi- 
nator are easy of comparison, quantities are often expressed as so many 
per cent, of anothel" quantity. 

Example i. WTiat is 4 per cent, of 51 50 ? 

4 per cent, means 4 hundredths^ hence 

4 per cent, of 5150 is y^ of 5150, that is, *H^, o r 206. 

Example ii. Whai is 5 per cent, o/ $522. 80 ? 

5 per cent is $5 out of every $100, 
that IS Tfi>» that is, -^ oi\\\Q whole. 

Hence the percentage required is 
-^ of $522. 80, that is $26. 14. 
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Example iii. W%cU is 7 per cent. o/$56S ? 

The required percentage is ^hf o^ $563, 
that is rhr of $3941, that is $39.41. 
Example iv. What is J per cent, of $660 ? 

J per cent, is $J out of every $100, 
that is, $1 out of every $400, 
that is, j^ of the whole. 
Hence the percentage required is 

T^ of $560, that is $1.40. 



EXAMPLES. OXX. 

Find the value of 

1. 3 per cent, of 160. 2. 4 per cent, of 1000. 3. 7i % of $90. 

4. 3| % of 7 tons. 5. 22i % of $900. 6. 6 % of 150 men. 

7. 13i % of 15 acres. 8. J % of $160. 9. ^ % of $96. 

Write down the value to the nearest cent of 6 per cent, of 
10. $27.66. 11. $323.75. 12. $979.92. 

13. $2397.12. 14. $872.13. 15. $7642.37. 

Write down the value to the nearest cent of 2^ per cent, of 
16. $1823.66. 17. $17107.90. 18. $2258.26. 

19. My income is $4326 ; if I save 16 per cent, of it, how much do 
I save ? 

20. Having 160 sheep, I sell 20 per cent, of them, how many have 
I left ? 

21. The salaries in a bank are increased 3 per cent. ; how much 
more does the manager receive whose salary is $6376 ? 

22. A tradesman allows 6 per cent, reduction for ready money ; 
how much cash should I have to pay for an article marked $6 ? 

28. Of 160 eggs 16| per cent, are broken, how many are not 
broken ? 

24. A train which runs 46 miles an hour is to be quickened 6| per 
cent. ; how far will it then run per hour ? 

26. I pay ^ per cent, for insuring my house for $8760 ; how much 
is the premium {i.e. what do I pay altogether)? 

26. I pay 2i per cent, for insuring my life for $10000 ; what is the 
premium ? 

27. A man pays ^ per cent, for insuring his house for $16000, and 
j^ per cent, for insuring his stables for $2600. What is the total 
premium paid ? 
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Example y. How much per cent, is 24 oz. in the 1 cwi ? 

1 cwt. contains 16 x 100 oz. 

24 oz. in every 1600 oz. is ylfirj t^at is, -^ of the whole ; hence it 
is tJ^ of 100 in every hundred, 
that is, IJ per cent. 

Example vi. Hu population of a tovm increoMd from 5125 to 5935 
171 10 years ; w?iat is the gain per cent. ? 

The total gain is 5935 - 5125, or 810. 

Hence, the gain is 810 on 5125, the original population, 
that is, at the rate of -^^z o^ l^^ i^ every hundred, 
^, ^. 81000x8 648 ,-,, 
that is, ^2571 * ^^ IT* ^^ -M P®^ ^ 

Example vii. A man obtains 3} per cent for his mxmey, and his 
total income is $1400 ; what is his property worth f 

He obtains $84 income for every $100 of property ; 
therefore he has as many $100 of property as the number of times that 
34 is contained in 1400 ; 

that is, his property is worth . times $100, or $40000. 
3^ -i— 



EXAMPLES. OXXI. 

How much per cent, is each of the nine following ? 

1. 1 cwt. in the ton. 2. IJ in 20. 8. f of the whole. 

4. 6 hrs. in the day. 6. 2 in. iu the ft. 6. § in 5. 

7. i of the whole. 8. ^ of the whole. 9. '075 of the whole. 
In each of the six following questions, what per cent, is 
10. 2 of 15 ? 11. 75 lbs. of 1 ton ? 12. 5 p. of 6 acres I 

18. -35 of 1 ? 14. -375 of 8 ? 15. £1. 2*. of £11 ? 

16. From a cask of 36 gals., 15 gals, are lost by leakage; what is 
the loss per cent. ? 

17. A tradesman sells -j^ of his stock ; what per cent, of his stock 
did he sell ? 

18. An army loses 16i per cent, of its total, viz. 396 killed and 
wounded ; find the number of men in the army. 

19. A city loses 2 J per cent, by deaths, and gains 3 J per cent, by 
births in a year ; it increases 250 in that year ; what was the popu- 
lation ? 

20. A man spends 76 per cent, of his income, and saves $960 every 
year ; what is his income ? 
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21. I insure my house at the rate of -^ per cent., and pay $5.85 
premium ; for what is my house insured ? 

22. An agent charges $180 commission for selling a house, which is 
2i % on the price of the house ; for what did he sell it ? 

23. The population of a town of 64000 inhabitants increases at the 
rate of 2J per cent, in each year, find its population (i) 1, (ii) 2, and 
(iii) 3 years hence. 

24. The population of a town increases at the rate of 2 per cent, 
yearly, it has now 132651 inhabitants, how many had it, (i) 1, (ii) 2, 
and (iii) 3 years ago ? 

[This subject is corUimied in Chapter XIV.] 



Interest. 

183. Interest is money paid, by a borrower, for the 
use of money. 

The money lent is called the Principal ; the Interest 
and Principal added together is called the Amount. 

Interest is always calculated at so much for the use 
of each $100 for a stated interval of time (generally for 
one year). 

The number of dollars paid for the use of each $100 /or one year is 
called the 'rate^^r cejU. per annum.* 

N.B. — In Questions on Interest the percentage is understood to be 
per annum^ unless it is expressly stated jto be otherwise. 

Example i. Find the Interest on $375 for 1 yeai* at 4 per cent, per 
annum. 

Here, the Interest is 4 per cent, (that is, •^) of the principal 
Therefore the required Interest ft ^^o of $375, or $15. 

Example ii. Find the Interest for 1 year on $61085 at 5 per cent, 
per annum. 

The required Interest is ^ of $61085, that is $3054.25. 

Otherwise, since ^fir is '05, the interest may be found by multi-' 
plying the principal by '05. 

The Interest on $61085 for 1 year at 5 per cent, is $61085 x -05, 
that is, $3054.25. 

When the Interest for a number, say 3, of years is 
simply 3 times the Interest for one year, it is called 
Simple Interest. 
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Thus, tho Simple Interest for 3 years is the interest for 1 year 
multiplied by 3 ; hence the Simple Interest for a given number of 
years is the Principal x the no. of years x the rate per cent. -i- 100. 

N,B. — Since we have to multiply by the number of years, and by 
the rate per cent., it is often convenient first to find the product of 
these two. 

Example iii. Find the Simple Interest on $4567. 50 for 2| years ai, 
5J per cent per annum. 

Here we have to multiply $4567.50 by 28 and by 5^, and divide 

the product by 100. 

XT o2 ei 8 21 2x4x7x3 „ ^ 

Now 28x5i = -x-^=-^^^— = 2x7. 

Hence we multiply by 2 and by 7, and divide the result by 100. 

$4567.50 
2 



$9135.00 
7 



$63945.00 
Hence the Interest is $639.45. 

EXAMPLES. OXXII. 

Find the Simple Interest on 1. $200 for 1 year at 5 per cent 

a. $1750 for 1 year at 4 %. 8. $2250 for 3 years at 4 %. 

4. $4000 for 15 years at SJ %. . 5. $5250 for 54 years at 3 J %. 

6. $666 for 6 years at 4 %. 7. $6240 for 5^ years at 3| %. 

8. $8000 for 5i years at 3i %. 9. $4795 for 6§ years at 2J %. 

10. $1375 for 6i years at 2| %. 11. $8525 for 3^ years at 3} %. 

12. $981 for 3 J years at 54 %. 18. $2992.80 for 4 years at 31 %. 

14. $6344 for 3 months at 24 %. 16. $7945 for 4 months at 3 %. 

16. $170 for 8 months at 44 %. 17. $738 for 6 yrs. 8 mths. at 14 %. 

18. $2510.00 for 11 m. at 7^ %. 19. $6872.10 for 73 days at 34 %. 

20. $149.00 for 3 yrs. at 3 %. 21. $2200 for 146 days at 3 %. 

22. $725 for 1 yr. 146 d. at 5i %. 23. $469 for 24 months at 74 %. 

24. $4848 for 34 years at 44 %. 26. $8640 for 74 years at 31 %. 

184. When interest is calculated from one given day of 
the year to another, it is customary to include one only of 
the days named. 
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^cample. Find the Interest on $2438.80 from January 3 to May 
26, at 4 per cent (per annum). 

Excluding January 3, including May 26, giving February 28 days, 
this interval contains 143 days ; which is -J^f of an ordinary year. 
Hence for 143 days the Interest required is 
Mf><T*7rof«2438.80. 

$2438.80 X -04=197.552. 

97*552 
143 
9755-2 
3902-08 
292-656 



365) 13949 -936(188.219 
2999 



$38.22 Interest 



JV.J5.— The factors of 365 are 5 and 73. 

EXAMPLES. OXXin. 

Find to the nearest cent the Simple Interest on 

1. $2437 for 4 years at 3 per cent. 

2. $2675.47 for 2 years at 3i per cent. 

3. $2807.50 for 73 days at 2| per cent. 

4. $4395.50 for 219 days at 5^ per cent. 

5. $8967.70 for 1 year 151 days at 6i per cent. 

6. $20178.60 from July 18 to Sept. 19 at 5 per cent 
Find to the nearest cent the Amount at Simple Interest of 

7. $4238.75 from Jan. 13 to June 5 at 3 per cent 

8. $3675 for 7 months at 3| per cent 

9. $9430 for 100 days at 4 per cent 

10. $38756.25 for 200 days at 3i per cent 

11. $43875 from Jan. 1 to April 10 at 4 per cent 

12. $84123 from March 18 to July 31 at 44 per cent 

Note on Simple Interest Let £7*=the Principal, £/=the Simple 
Interest on £F for n years at £r per cent per annum, then, 

^^nxrxP j^^ jgg J p^lOOx/ j^^^. 186, Ex. (iii)], 

r=^i2^... [Art 186, Ex. (ii)] «=^^... [Art. 186, Ex. (i)]. 
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185. When money is lent for a number of years, the 
interest is usually paid by the borrower at regular intervals, 
yearly, or half-yearly, or quarterly, as the case may be. 
Suppose, however, it is agreed between the lender and 
borrower that instead of the interest being axitnaWj paid at 
the end of each year (or half-year) the interest due is lent 
in addition to the principal. In such a case the principal 
would be increased at the end of each year by that year's 
interest; hence. 

When the Interest due is added to the principal at the 
end of stated periods of time (as at the end of each year) 
it is called Oompoimd Interest 

Example i. Find the Compound Interest on $75030 /or 3 years at 4 
per cent, (per annum). 



$75030 
4%=T*Tr 3001 



178031 
3121 



= 1st Principal. 
•20 = Ist year's Interest 



'20 = 2d Principal. 
•248 =2d year's Interest. 



$81152 
3246 



$84398 
76030 



•448 =3d Principal. 
09792 =3d year's Interest. 



■64692 = Amount. 
= Piincipal. 



$9368 -54592 = Compound Interest (exact), 



therefore the required compound interest, to the nearest cent, is 
$9368.56. 

We write down the principal ; take yfrr o^ this by multiplying 
by 4 and placing each digit of the product 2 places to the right ; 
this gives us the first year's interest. The second principal is 
the result of adding the 1st principal to the interest for the 
1st year. Similarly the interest for the 2d year is obtained from 
the 2d principal, and adding this to the 2d principal, we have 
the 3d principal ; and so on. The amount at the end of the 
3 years is thus found to be $84398-545, and subtracting from this 
the original principal we have $9368-544 for the Compound Interest. 

N.B. — In questions of Compound Interest the interest is understood 
to become due annuallj/f unless it is expressly stated to be otherwise. 
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EXAMPLES. OXXIV. 

Find the Compound Interest on 
1. $5000 for 3 years at 4 per cent 



2. $8750 „ 3 

3. $16000 „ 3 

4. $7620.50 „ 2 

5. $7862.50 „ 2 

6. $7690.25 „ 2 

7. $4251 „ 3 

8. $4251 „ 2 

9. $5012.94 „ 2 

10. $5012.94 „ 3 

11. $7632.75 „ 2 

12. $9325.00 ,y 3 



4 
5 
6 
3 
8 
2 
8 
8 
2 
5 
4 



Example ii Find the Compound Interest on $3751.27 for 2 years at 
4f per cent. 

$3751 -27 1 = 1st Principal. 
150-05 08 ^ 
18-75 1 63 }- =lst year's Interest. 

9-; 



4/b — TTTT 

i% = iof4% 
J% = iofi% 



$3929*46 

157 17 

19-64 

9-82 



-05 08^ 
;-75 63}- = 
1-37 81 J 

f 



$4116-11 
3751-27 



$364-84 



84] 
73' 
36 J 



= 2d Principal. 
2d year's Interest 

= Amount at end of 2 years. 

= Compound Interest for 2 years. 



Example iii. Fvnd the Compound Interest on $3751.27 /or 2i years 
at 4} per cent. 
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The interest for a half-year is J of 4f, i.e. 
Example il, we find 

$4116-11 
^% = Th 82-32 22 

J = iof2% 10-29 02 

4 = iofJ% 6-14 51 



$4213-87 
3751-27 



$462-60 



}= 



per cent. As in 
= Amount at end of 2 years. 
Interest for the half-year. 



= Amount at end of 2} years. 

= Compound Interest for 2J years. 



EXAMPLES. OXXV. 

Find the Compound Interest on 

1. $22400 lor 2 years at 3} per cent 

2. $7642 „ "' 

3. $9321 

4. $1234.56 ,, 

5. $1234-56 ,, 

6. $5000 „ 

7. $84123.75,, 

8. $8432.51 „ 

Example iv. Find the amount at Compound Interest on $4370 for 
IJ years ai 3 per cent, per annum, payable half-yearly. 

3 per cent, is IJ per cent, per half-year. 

Hence we add to the principal ^hs of itself, then J this, and repeat 
the process for each half-year. 



24 




3 


34 




4 


24 




34 


34 




24 


2: 




3 


2 




34 


3 




34 



$4370 
43-70 
21-85 

$4435-55 
44-35 
22-17 



$4502-08 
45-02 
22-51 



$4569-61 



= 1st Principal, 
j- = 1st half-year's Interest 

= 2d Principal. 
y,jf, y =2d half-year's Interest. 



Q8\ 
04 J 



= 3d Principal. 

= 3d half-year's Interest 

= Amount at end of I4 years. 



Note. — The amount at Compound Interest for 12 years on $131.12 
at 3 % per cent per annum, payable half-yearly, is $131.12 x (1-015)^; 
this may be obtained to 5 significant figs, by contracted multiplica- 
tion thus, 
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(1015)2 = 1-0302; squaring, (1 -015)*= 1 '0613 ; squaring again, 
(1-015)8=1 1244 ; and again, (l-015)i« = 1*2643. The product of the 
last two, i.e. (1-015)2*, ^ju ]^q found to be 14216 ; the product of this 
by $131.12 is $186.40. 



EXAMPLES. OXXVI. 

Find to the nearest cent the Compound Interest on 

1. $3721 for 3 years at 4 per cent. 

2. $4017.50 „ 24 „ 5 „ 

3. $8751.75 „ 3 „ 3^ „ 

4. $347156 „ 2 „ 4i „ 

5. $41875.50 „ 2i „ 4 „ 

6. $375.25 „ 2 „ 2i „ 

7. Find the Amount of $7035 for 1 year at 3 per cent, per annum, 
the interest being due half-yearly. 

8. Find the Interest on $8491 for IJ years at 3 per cent, per annum, 
the Interest being due half-yearly. 

9. Find the Interest on $9000 for IJ years at 4 per cent, the interest 
being due quarterly. 

Find the Amount at Compound Interest of 

10. $1485.36 for 3 years at 5 per cent. 



11. $84123.84 „ 2 


„ 4i , 


12. $1829.25 „ 3 


„ 3i , 


13. 14275 fr. „ 2 


„ 3 , 


14. 76321 fr. „ 3 


., 2| , 


15. $4375.25 „ 3 


„ 5 , 


16. $7642.01 „ 2i 


„ 2i , 


17. $9375.24 „ 3^ 


„ H . 


18. 457123 fr. „ 3 


» 3i , 



Note on Compound Interest. Let £A be the amount on £P for 
n years at r per cent, per annum Compound Interest (payable yearly) ; 

then ^ = (-100-) ^^^ I-^'P'^ ^=(lOO+-r) ^ ^- 

186. Inverse questions on Interest. 

Example i. At what Bate per cent, per annum will the Simple 
Interest on $660 amount to $88 in 2^ years ? 

The rate per cent, per annum is the total rate per cent, divided by 
the number of years ; 
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Here the total rate per cent is /fg of $100 (p. 186) ; hence the rata I 

per cent, per annum is 

J^ X -f 8 of $100, that is ^ 't^^^J^ . I 

2i 660 * 6x660 

2x4x22x5x10x2 1? I 

5 X 3 X 22 X 10 3 ' I 

that is 15^ (per cent. ) i 

Example ii In how many Years will $660 am/ntnt to $748 at 5} 
per cent, (per annum, Simple Interest) ? 

[N.B. — It is Interest and not Amxmnt which varies as the time.] 

The re«iuired number of years is the number of times the total 
Interest contains the Interest for 1 year. 

Here, the total Interest is $748 -$660 =$88, 
the Interest on $660 for 1 year at 5^ per cent, is f| x ^ ; hence, 

XI. • J V r .88 *v„f ;„ 3x10x88 

the required number of years is — — j-r-» tnat is — — — -— 

fV.of i„ 3 X 10 x 22 X 4 ... . 10 ^, ^ . ^, 

y>^2V4 X 4 ' * T' *^* ^^ ^* y^*'^- 

Example iii. Whai Principal will amount to $748 in 2J years at 
5^ l)ercent. (per annum, Simple Interest) ? 

Here $100 Principal gives $(100 + 2J x 5^) or $113^ Amount in the 
given time at the given rate ; hence 
the Principal which amounts to $113^ is $100, 

[Thus the Principal which amounts to $113^ is found by multiplying 

$113} by the diminishing factor — r^ I, therefore 

the Principal which amounts to $748 is — — of $748, 

113g 

., , . 3x100 f^^.^ 
that IS - of $748, 

^, , . 3 X 10 x 10 X 34 X 22 

^^^^"^ 10^34 

that is $660. 

EXAMPLES. OXXVII. 

1. At what rate per cent, will the Simple Interest on $400 amount . 
to $80 in 6 years ? 

2. At what rate per cent will $350 produce $28 Simple Interest in 
2 years ? 
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8. At what rate per cent, will the Interest on $2630 amount to 
$460.25 in 3^ years ? 

4. At what rate per cent, will the Amount on $425 be $573.75 in 5 
years at Simple Interest ? 

6. At what rate per cent, will $3000 amount to $3438.75 in 3^ 
years at Simple Interest ? 

6. At what rate per cent, will $1700 amount to $2273.75 in 7 J 
years at Simple Interest ? 

7. In how many years will the Simple Interest on $400 amount to 
$80 at 5 per cent. ? 

8. In how many years will the amount at Simple Interest on $550 
be $660 at 4 per cent. ? 

9. In what time will the Simple Interest on $3000 amount to 
$438.75 at 4i percent.? 

10. In how many years will $1846 amount to $2445.95 at 2^ per 
cent. Simple Interest ? 

11. In what time will the Simple Interest on $3560 amount to 
$333. 75 at 2^ per cent, per annum ? 

12. The Simple Interest on $2300 amounts to $431.25 at 2^ per 
cent. For how many years is it calculated ? 

13. What Principal amounts to $406 in 4 years at 4 per cent Simple 
Interest ? 

14. AVhat Principal will produce $533 in 4 years at 3 J per cent. ? 

15. The Simple Interest on a certain sum for 7J years at 2i per 
cent, is $431. 25 ; what is the sum ? 

16. The Amount on a certain sum after 2^ years at 5 per cent. 
Simple Interest is $1075.50 ; what is the sum ? 

17. "What Principal is required to produce $450.15 Simple Interest 
in 3 years at 5 per cent. ? 

18. What Principal will amount to $24307.55 in 3 J years at 4 J per 
cent. Simple Interest ? 

Example iv. What Principal will amount to $2163.20 in 2 years at 
4 per cent, per annum Compound Interest ? 

In this case $100 Principal gives in one year $104 Amount. 
Therefore the Amount at the end of any one year is converted into 
the Principal at the beginning of the year by trie diminishing factor 
Hi; hence 
the required Principal=yi x (Amount at end of 1st year) 

=Hi X (H£ X Amount at end of 2nd year) 
=Hi X H* X $2163.20 or $2000. 
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MISCELLANEOUS EXAMPLES. OXXVIII. 

1. Given that the Amount at Simple Interest is $2445.95, the mte 
2J, and time 13 years, find the Principal. 

2. Find the rate when $18760 amounts to $23332.75 in 64 years at 
Simple Interest. 

3. In how many years will the Simple Interest on $17400 amount 
to $4893.75 at 3i per cent. ? 

4. Given that the Interest is $10221.25 for 9J years at 4J per cent. 
Simple Interest, find the Principal. 

5. How long will it take $1046.40 to produce $480.69 Simple 
Interest, at 6J per cent, per annum ? 

6. At what rate per cent. Simple Interest will a sum of money be 
doubled in 10 years ? 

7. What Principal amounts to $441 in 2 years at 6 per cent. 
Compound Interest ? 

8. What Principal will produce $816 Compound Interest in 2 years 
at 4 per cent. ? 

9. At what rate per cent, per annum will the Simple Interest on 
2938 -25 francs amount to 56-35 francs in 200 days ? 

10. Find the Compound Interest on $473 for | year at 5 per cent., 
the Interest being added to the Principal every quarter. 

11. On what day will the Interest on $7300 borrowed on March 
18th amount to $54 at 3| per cent.? 

12. What sum amounts to $1000 in 21 years at 3 per cent. Simple 
Interest ? 

13. Find the Simple Interest from June 1st to Sept. 1st on $1806.55 
at 5 per cent, per annum. 

14. What Principal will produce $9158.52 (Interest) in 3 years at 
4 per cent, per annum Simple Interest ? 

16. Find the difference between the Simple and the Compound 
Interest on $8750 for 3 years at 4 per cent. 

16. Prove that the Amount at Compound Interest for 3 years at 
3 per cent, is 1 '092727 times the Principal. 

17. Prove that the difference between the Simple and the Compound 
Interest for 3 years at 5 per cent, is '007625 times the Principal. 

18. Prove that the difference between the Simple and the Compound 
Interest for 3 years at 4 per cent, is '004864 times the Principal. 

19. On what day will the Simple Interest on $485 lent on April 
1st amount to $6.60 at 7^ per cent. ? 

20. Find to the nearest cent the Interest per aay on $10000 at 4 per 
cent. Simple Interest. 
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21. Find the difference between the Simple and Compound Interest 
on $274 for 2 years, 73 days, at 2 J per cent, per annum. 

22. On what sum does the difference between tlie Simple and Com- 
pound Interest for 2 years at 4 per cent, amount to $5 ? 

23. Find the Principal which will produce $1262 (Interest) in 3 
years at 5 per cent. Compound Interest. 

24. What Principal will produce $1000 Interest in 3 years at 4 per 
cent. Compound Interest ? 

187. When a reduction in an account is allowed for 
immediate payment, the seller is said to allow * discount.' 

Example. I buy goods to the amownJb of $210, wnd am allowed dis- 
count 5 per cent, for cash ; what do I pay ? 

There is here no mention of tim^j the question can therefore only 
mean that 5 per cent, is deducted from the amount of my account 
(that is $10.50 is deducted), so that I pay $199.50 cash instead 
of $210. 

The reduction here of $10.50 is not (strictly speaking) of the 
nature of Interest for money, because time is an essential part of 
questions on interest. 

EXAMPLES. OXXIX. 

1. What reduction shall I get from the price of a book, of which 
the published price is $10, when the bookseller deducts 10 per cent, 
for cash ? 

2. I am allowed a discount of 15 per cent, for cash. Find the cash 
price of articles marked respectively (i) $5, (ii) $3.50, (iii) $22.50, 
(iv) $7.66. 

3. An English bookseller allows a discount of 2d. in the shilling on 
the published price of books ; find the cash price of books published 
at (i) 7s. 6d., (ii) 4s. 6d., (iii) 6s., (iv) 12.s. 6d. 

4. The cash price of a book published at $12.50 is $10.00, what 
percentage is the reduction on the published price ? 

188. In commercial or bank discount, the reduction is 
of the nature of Interest. 

Discount is the deduction made from a sum of money- 
falling due at a future time, in consideration of imme- 
diate payment. 

Discount usually arises as follows. Supj)ose a merchant in the 
course of business to want ready money, which he knows he will be 
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able to pay back at the end of three months. He obtains it by getting 
a bill disoounted ; that is, he signs a document (a bill) by which he 
undertakes to pay a certain sum, say $5050, to the holder of the bill in 
three months, and sells this bill in the money market. 

Suppose the * Bill Broker ' who buys (discoimtB) the bill wishes to 
put out his money at 4 per cent, per annum ; in this case he ought to 
pay for the bill just so much Principal as will Amount to $5050 in 3 
months, at 4 per c«nt. ; he ought to pay in fact $5000. In such a 
case $5000 is tne present value, $50 is the (true) disconnt. 

[In practice, however, when a Broker or Banker discounts a bill 
for $5050, for 3 months at 4 per cent., he deducts J of 4 per cent, of 
$5050, that is $50.50 as discount, thereby actually getting more than 
4 per cent, for his money. The discount deducted by a Banker is 
called Commercial or Bankers* Discount. 

In Arithmetic, * Discount' is always understood to mean true or 
theoretical discount and not commercial discount.] 

A Bill for a certain sum at a certain time is a promise 
to pay that sum after the end of that interval. 

The Present Value of a Bill is that sum of money 
which with its interest for the given time will just amount 
to the sum due. 

Hence the Discount on the Sum due is the same as Interest on the 
Present Value for the same time, at the same rate. 

Commercial or Bankers* Discount is greater than True Discount. 
The difference between them is equal to the Interest on the Discount. 

For, since Amount = Present Value + (True) Discount ; 
therefore, Interest on Amt. = Int. on Pres. Val. +Int. on Discount. 

That is, Bankers' Disc. = True Disc. + Int on True Discount 

Example i. Find the Present Value of a BiXlfw $907.20 due 2 years 
h£7ice at 4 per cent. 

In 2 years at 4 per cent. $100 amounts to $(100 + 2 x 4), or $108 ; 
hence, the Present Value of $108 is $100. 

[Thus the Present Value of $108 is found by multiplying $108 by 
the diminishing factor fy^.] 

Therefore the Present Value of $907.20 is ^ of $907.20, 
that is $i^, or $840. 

Example ii. Find the Discount on a Bill for $2850.75 diie inl\ 
years aZ 3^ per cent. 

Here, $100 amounts to $(100 + 14 ^ 3^), that is, to $105 ; 
hence, the Discount on $105 is $5 [and the Discount on $1 is $r^]* 

Therefore the Discount on $2850.75 is yfj- of $2850.75, 
that is, ^ of $2850.75 = f of $950.25 =$135.75. 
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EXAMPLES. CXXX. 

Find the Present Value of 

1. $260 due 1 year hence at 4 per cent, per annum. 

2. $3030 due 3 mouths hence at 4 per cent, per annum. 

3. $4050 due 3 months hence at 5 per cent, per annum. 

4. $1386 due I- of a year hence at 4 per cent per annum. 

5. $1446 duo 1 month hence at 5 per cent, per annum. 

6. $1465 due 2 years hence at 4 per cent, per annum. 
Find the Discount on 

7. $3908. 10 for 2^ years at 8 per cent per annum. 

8. $2604.50 for 1} years at 9 per cent per annum. 

9. $857.15 for 7 months at 3^ per cent per annum. 

10. $5555. 55 for 2 years at 2^ per cent, per annum. 

11. $100 due 3 years hence at 5 per cent 

12. $100 due 2 yeai*s hence at 6 per cent. 

Example, Find to the nearest cent the Discount <m $1234.30 dMe 
1 J years hence at 4 J per cent. 

Here, $100 amounts to $(100 + 1^x4^), that is, to $105g in the 
given time at the given rate. 

Hence, the Discount on $105g is $5g. 

Therefore the Discount on $1234.30 is -^ of $1234.30 ; 

that is, ^ of $1234.30, or ^h of $1-234.30 ; 
that is, $65,732, or $65.73. 



EXAMPLES. OXXXI. 

Find to the nearest cent the Present Value and the Discount on 

1. $1000 due 3 years hence at 3} per cent, per annum. 

2. $5000 due 4 years hence at 5 per cent per annum. 

3. $8750 due 1^ years hence at 6§ per cent, per annum. 

4. $4721 due 1^ years hence at 4 per cent, per annum. 
6. $8120 due | year hence at 4 per cent per annum. 

6. $14275 due IJ years hence at 3J per cent per annum. 

189. The pui'chaser of a bill may sell it again at any 
time before it is due ; when he does so, he is said to get 
it discounted. 
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Tliere is a custom in business, which has the force of 
law, by which 3 days (called days of grace) beyond the 
day on which the bill becomes nominally due are always 
allowed before the amount of the bill must be paid. 

In working an example in which the exact number of days is given 
the 3 days of gi-ace should be added. 

Example i. Find the Present Value of a Bill for $7051.75 drawn 
on March 21st at 7 months, discounted an August 12th at 2} per cent, 
per annum. 

In this case a merchant on March 21st accepted {i,e, signed) a bill, 
by which he undertook to pay $7051.75 at the end of 7 months. He 
sells it, and it may have had many owners ; its history, however, does 
not concern the question ; what we have to find is, the vaJtte of the 
bill on August 12th, interest on money being reckoned at 2J per cent, 
per annum. 

The bill having been drawn on March 21st at 7 months is nominally 
due on Oct. 21st, but, adding the 3 days of gmce, is not actually 
due until Oct. 24th. From Aug. 12th to Oct. 24th [including one of 
those days, Art. 182] there are 73 days ; that is, i of a year. The 
Interest on $100 for -I- of a year at 2 J per cent, is $4. 

Hence the Present Value of llOOJ is $100, 

I therefore the Present Value of $1 is $77w^T » I 

and the Present Value of $7051. 75 is f^f of $7051.75, 

[that is, 1 -Tk of $7051.75] ; that is, $7016.67. 

Example ii The hill of Example i. is discounted again on August 
22nd ai 2J per cent. ; find the Discount. 

Here, the number of days from Aug. 22nd to Oct. 21st + 3 is 63 ; 

the int. on $100 for 63 days at 2 J per cent, is i^ of $|, or $^. 

Hence, the discount on $100^|V is $^irV» 
[therefore the discount on $1 is $TTyir7>] 

and the discount on $7051.75 is t^^tt of $7061.75, 

that is, $30.80 nearly. 



EXAMPLES. CXXXII. 

Find the Discount on each of the following bills to the nearest cent. 
1. For $1692.42 drawn on March 27th at 8 months, discounted 
Sept. 18th at 2^ per cent, per annum. 
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2. For $810.30 drawn Jan. 20th at 7 months, discounted March 
30th at 5 per cent, per annum. 

3. For $901.68 drawn Dec. 4th at 6 months, discounted Feb. 23rd 
at 10 per cent, per annum. 

4. For $58593.15 drawn Sept. lOtb at 8 months, discounted Oct 
6th at 74 per cent, per annum. 

6. For $9156.70 drawn June 20th, 1885, at 9 months, and dis- 
counted Aug. 16th at 5 per cent, per annum. 

6. For $4992 drawn Feb. 10th, 1885, for 6 months, discounted 
14th at 5 per cent, per annum. 

Find the Present Value of each of the following bills : — 

7. For $33813 drawn Dec. 31st, 1883, at 4 months, discounted 
Feb. 20tli at 10 per cent, per annum. 

8. For $14724.75 drawn May 10th, 1884, at 12 months, discounted 
April 3rd, 1885, at 9^ per cent, per annum. 

9. For $3350.25 drawn June 1st, 1884, at 12 months, discounted 
March 23rd, 1885, at 6 J per cent, per annum. 

10. For $368825 drawn May 8th at 7 months, discounted Sept. 
17th at 44 per cent, per annum. 

11. For $3528 drawn Sept. 28th, 1884, at 11 months, discounted 
Nov. 6th, 1884, at 5 per cent, per annum. 

12. The same bill as in Question 11 discounted again on April 7th, 
1885, at 5 per cent, per annum. 

13. The bill in Question 11 was discounted again on May 1st at 4} 
per cent, per annum ; find the present value (to the nearest cent). 

14. For $1000 drawn Jan. 11th at 5 months, discounted March 1st 
at 6 per cent, (to the nearest cent). 

15. For $875 drawn April Ist at 6 months, discounted May 27th at 
6 per cent, (to the nearest cent). 

MISCELLANEOUS EXAMPLES. OXXXIIL 

1. Find the difference between the Interest and the Discount on 
$100 for 1 year at 4 per cent. 

2. The difference between the Simple Interest and the Discount 
on a sum of money for 6 mouths at 4 per cent, is $10.50 ; what is 
the sum ? 

3. Find the difference between the Interest and Discount on $7299 
due J year hence at 5 per cent. 

4. The difference between the Simple Interest and the Discount 
on a bill due 9 months hence at 4 per cent, per annum is $16. What 
is the amount of the bill ? 

5. Find the Present Value of a bill for $83371.12 due 8 yeara 
hence at 6 per cent, per annum Compound Interest. 
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•. Find the Discount on a bill for $46824 due 3 years hence at 4 
per cent Compound Interest 

7. Find to the nearest cent the difference between the Compound 
Interest on $10,000 for 3 years at 4 per cent, and the Discount on 
$10,000 due 3 years hence at 4 per cent, per annum Compound 
Interest 

8. Find the difference between the amount at Compound Interest 
on $100 for 2 years at 4 per cent, and the Present Value of $100 due 2 
years hence at 4 per cent per annum Compound Interest 

9. $100 is invested at tlie beginning of each of 5 years at 5 per 
cent. Compound Interest ; find what the total will amount to at the 
end of the fifth year. 

10. Find the Present Value of a Fellowship of $1200 per annum for 
6 years at the date of the first payment, reckoning Simple Intei*est at 

5 per cent. 

11. If the Present Value of $3171.70 due 2J years hence is $2758, 
what is the Present Value of $8314.50 due in 6 years ? 

12. Show that a bill broker who deducts as Discount 6 per cent, of 
the amount of a bill due in 1 year gets 5^^^ per cent, per annum for 
his money. 

13. Show that a broker who deducts as Discount 4 per cent, of the 
amount of a bill due in 10 months gets 5 per cent, per annum for his 
money. 

14. Show that the difference between the Interest and the true 
Discount on a given sum at a given rate for a given time is equal to 
the Interest on the Discount. 

15. A legacy remained unclaimed for 4 years ; at the end of that 
time it amounted to $29172.15 at 5 per cent per annum Compound 
Interest ; what was the original legacy ? 

16. What advantage does a man gain, who owing $1000 which 
ought to be paid at once, is allowed to cancel his debt by four equal 
quarterly payments of $250 extending over the next twelve months ; 
money being worth 5 per cent, per annum Simple Interest ? 

190. It must be noticed that True Discount is never 
used in business. The fallowing example will illustrate 
the usual practice* 

Example. A bill for $1000 a^^O days' sight has hem presented for 
acceptance on February 10, 1888, and on March 10 w discounted cU 

6 per cent, per annum ; Jiow miich will the discounter pay for the bill f 

. Explanation. A merchant A in New York orders goods to the 
amount of $1000 from a merchant B in London, and authorises B *t9 
draw upon him at 90 days* sight.* B accordingly draws up a * bill' 
for $1000 payable in 90 days after A has seen and accepted it B noW 
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sells this bill for cash to C^ a banker in London, at a rate of exchange 
to be agreed upon between them. * 

G forthwith despatches the bill by the first and fastest mail steamer 
to his a^ent in America (sending also two duplicates, called the Second 
and Third of Exchange, by other steamers in case of accident). On 
its arrival in America, C7's agents present the bill to A for acceptance. 
The bill is then said to be sighted. (That is, C's agents send the bill 
to A*s house of business and call for it again the next day, when) if 
the business is all in due form, the bill will be returned to (7's agent 
accepted [that is, A signs it and writes on it the date at which it 
matures {i.e. becomes due) and the place at which he is prepared to 
nieet {i.e. pay) it (generally at A*a bankers' or his own place of business)]. 
This bill haviug been presented to A for acceptance on February 10, 
1888, must accordingly be met in (90 + 3) days. [Three days of grace 
are allowed all over the world.] 

This bill may now be used in business and passed from hand to 
hand. Suppose, for instance, the holder of it wishes to obtain cash 
for it on March 10 ; he goes to a bill broker who discounts it {i.e. pays 
him cash, making, however, a reduction from the ^1000 ; wnich 
reduction is called Discount). In the above example the discounter 
discounts at 6 per cent, per annum. That is to say, the number of 
days between March 10 and the end of the 93 days is ascertained to be 
(including February 29) 64 days, and the Simple Interest for 64 days 
on $1000 at 5 per cent, per annum is ascertained from a book of 
tables ; this amount is deducted from the $1000, and the discounter 
pays the holder of the bill the remainder. 



Feb., 19 days. 
Mar., 31 days. 
April, 30 days. 
May, 10 days. 

3 days of grace. 



Process. From February 10, 1888, we 
have in ^ 

Hence the bill is due on May 13. 

From March 10 to May 13, including 
one of them, the number of days is 64. L. 93 total. 

We have therefore to find the Simple Interest on |1000 for 64 days 
at 5 per cent. 

* It will be seen that B has now received his money for the goods, and 
has nothing more to do' with the transaction. The Bill of Lading, which 
is the receipt for the goods from the captain of the ship which carries the 
good'4, as well as the policy of insurance of the goods, is often attached to 
the bill of exchange as a security to the holder. In this case the bill is 
called a Documentary bill to distinguish it from a Clean bill which has no 
document attached. The captain of the ship will not deliver the goods to 
any one who does not hold the bill of lading. In the case of a clean bill 
B could send the bill of lading direct to ^. In the case of a documentary 
bill A could not get the goods until he had purchased the bill, ue, paid 
for the goods. 
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Thus the commercial discount is* x^ x -r;r of $1000 =$7?^= $8.77 
nearly. ^^^ ^^^ ^^ 

Therefore the price the discounter would pay for the bill is $1000 — 
$8.77, that is $991.28. 

EXAMPLES. OXXXIV. 

1. Find the discount at 4 per cent, on a bill for $3700 due on May 
15th 1888 which is discounted on January 30th 1888. 

2. Find the discount at 4 per cent, on a bill for $5470 due in 100 
days from November 20th 1888 which is discounted on January 3d 
1889. 

3. A bill for $1350 at 80 days' sight has been presented for accept- 
ance on January 11th 1887 and on January 20th is discounted at 4 
per cent, per annum ; how much cash is paid for the bill I 

4. A bill for $2000 at 50 days' sight has been presented for accept- 
ance on May 11th 1888 and was retired t under discount on June 20th 
at 5 per cent, per annum ; how much was the discount ? 

5. A bi.l for $1500 at 100 days* sight matures on November 20th 
1888 ; it is retired under discount at 4 per cent, per annum on August 
80th 1888 ; wliat will the trader pay for the bill ? 

6. A bill for $2700 at 80 days' sijiht is accepted on August 30th 
1888 ; it is discounted at 4i per cent, per annum on October 20th 1888 ; 
how much discount is deducted ? 

Foreign Exchange. 
191. Commercial transactions between different coun- 
tries are understood to be carried on through the medium 
of gold. 

[The medium of commerce in the case of India, Russia, Japan, 
Mexico, and Peni, is not gold, but silver.] 

There are three ways in which the payment of money due by a 
merchant A in Paiis to a merchant £ in London might be made ; (i) 
he might send gold coins (specie) ; (ii) he might send gold in bars 
(bullion) ; (lii) he might send a bill of exchange. This last is the 
method adopted in practice. 

When a merchant A in London sends goods to a merchant B in 
Paris, A draws a hill upon B for the value of the goo<ls, say £100. 

* It might be said that the fraction should be -jrW^hs of a year, but the 
tables would give yVr* ^^ there are no special tables for leap year. 

+ A bill is said to he retired when the acceptor pays it under discount, 
and payment is acknowledged on the back ; the whole affair then comes 
to an end. 
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This bill B accepts either personally or through his agent in London. 
The accepting a bill consists in B (or his agent) signing the paper on 
which the bill is drawn, and thereby undertaking to pay in Paris the 
amount of the bill to whoever shall bjing the bill up {present it) for 
payment. [See pages 202, 203.] 

Now A wants the money in London ; but there are other merchants 
who want to send money to Paris ; therefore A sells this bill to 
another merchant C (or to a banker who deals in these bills, and the 
banker sells it to C) ; C sends it to his creditor D in Paris who 
presents it to B, and receives from B money due to him from C, 

In this way goods are exchanged and trade is carried on without 
the necessity of sending gold backwards and forwards. 

But it must be noticed that A receives English money (sovereigns) 
for the bill, and D receives French money (25 f. ) for the same bill. 

Now it is known that the gold in 1000 sovereigns is worth exactly 
the same as that in 25170 gold francs. Hence £1 is worth 25. 17 francs. 
And this value 25.17 f. is called the par of exchange of the sovereign. 

It may, however, happen that there is a great demand in London 
for bills on Paris ; in that case a merchant may have to pay more 
than £1 for a bill for 25.17 francs payable in Paris ; in fact, as in all 
other things, the price of bills of exchange varies with the supply and 
demand. 

The price paid in one country for bills of exchange on another is 
called the Course of Eocchange, 

The following appears in the New York Tribime of May 13, 1890 : — 
French francs at 5.18 3-4 and 5.16 1-4; reichmarks at 95 1-8 and 
95 5-8, and guilders at 40 1-8 and 40 3-8. 

In the quotations on Paris, the franc is the unit, and we are given 
the number of francs and centimes to the dollar ; so that from this a 
merchant having to make payments in Paris would know that in order 
to buy bills from the bankers on Paris, he would have had to pay on 
May 13th, 1890, $1 for each 6.16^ francs payable in Paris. 

'Beichmarks at 95f .' The quotation gives the number of cents in 
4 reichmarks, so that for 4 marks, 95f cents would have to be jjaid. 

'Guilders at 40|.' Quotations for Amsterdam give the number of 
cents to the guilder. 

The two different quotations give the rates for bills payable at sight 
and after 60 days, the cost of the latter being lower (compare § 188). 
Thus the courae of exchange being as above, bills on Paris payable in 
60 days are paid for at the rate of $1 for 5.18J francs, bills on Ham- 
burg payable in 60 days are paid for at the rate of 95-|- cents for 4 
marks, and bills on Amsterdam at the rate of 40^ cents to the guilder. 

Example i. A merchant wishes to purchase a hill on Paris for 7740 
francs ; honjo much wUl he have to pay when the course of exchange on 
Paris is 5.16 ? 
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For a bill for 5.16 fr. he pays |1. 

7740 
Therefore for a bill for 7740 fr. he pays _ . times |1, 

. , . . 774000 ^ .- ., -^^ 
that IS, --,,,- times fl, or |1600. 

516 ' 

Example ii. Find the cost in New York of a bill for 7632 marks, to 
be paid in Berlin, Oie course of exchange being 96. 
A bill for 4 marks costs 95 cents. 

7632 
Therefore a bill for 7632 marks costs —r— times 95 cents, 

that is, 1908 times 95 cents, or $1812.60. 

Example iii. WhaA is tfieface of a bill on London for which $6500 
toa^ paid in New York, ai 4.86 (dollars /or £1) ? 
[The /ace of a bill is the amount stated on it.] 
Here 4.86 dollars will buy a bill for £1. 

Therefore 6500 dollars will buy a bill for —^a ti^aes £1, 
that is, £1337. 83. 11^. 

192. When the standard coins of two countries are gold, the 
rate of exchange will not vary very greatly from year to year. 

In no case would the difference between the exchange value and the 
real value of a gold 25 franc piece [e.g.) exceed the cost of transporting 
the bullion from the one country to the other. 

When the standard coin of the one country is silver, 
and that of the other country is gold, then the rate of 
exchange will not only depend on the balance of trade, 
but on the relative value of silver and gold. 

The relative value of silver compared with that of gold 
has been (1888) steadily growing less for some years. 

One effect of this is, that while the purchasing power of the rupee 
in India has not necessarily changed, its power of purcliasing bills for 
£ 8. d. in London has steadily diminished ; so that a lac of rupees 
when sent over to England is much less valuable than it used to be. 

Foreign Money. 

Approx. Val. in Gents. 
Austria 100 kreuzers = 1 florin 40. 2 

Belgium 100 centimes = l/ra?M; 19.3 

British Colonies £ 8. d, 
Canada 100 cents = 1 <^oWar 100 
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Approz. Val. in Cents. 

Denmark 100 ore = 1 ^r<m« 26.8 

England, etc. Pound Sterling $4,865 

France 100 centimes = l/ranc 19.3 

Germany 100 pfennig =1 r/iarA: 23.8 

Greece 100 Lepta=l drdchtna (franc) 19.3 

Holland 1 00 cents = 1 fiorin 40. 2 

India 192 pies =16 annas = 1 rupee 34. 4* 

lOa, 000 rupees = 1 lac 

Italy 100 centesimi = l ^ira (franc) 19.3 

Japan 100sen = lye?i 99.7* 

Mexico dollar 90.9* 

Norway 100 ore = 1 kroTie 26. 8 

Portugal 1000 reis =10 teston = 1 milrea 108 

Russia 100 kopecks = 1 rowft^e 66.9* 

Spain 100 centimes = 1 peseta (franc) . 19. 

Sweden IQ^ '6tq = 1 krone 26.8 

Turkey 40 paras = 1 piastre 4. 4 

100 piastres =1 pound Turkish (1£t) 
* In these countries the standard coins are sUver, 



EXAMPLES. OXXXV. 

1. What is the cost in Paris of a bill for £126 at 25.20 fr. (per £1) ? 

2. What is the cost in London of a bill on New York for $7100 at 
14.875 for £1 ? 

3. What is the cost in New York of a bill for £147 at |4.875 to the £1 ? 

4. The course of Exchange on Brussels being 5.17, how much will a 
merchant in New York have to pay for goods in Brussels which cost 
1142.57 francs? 

5. A merchant ?ji London orders goods in New York to the amount 
of $3000 ; how much will the bills necessary for payment cost him at 
$4.80 to the £1 ? 

6. A merchant in New York orders goods in Geneva to the value of 
2080 francs, find the cost of the necessary bills at 5.16 fr. to the dollar. 

7. A merchant in London paid £430 for a bill on Vienna ; what 
was (the number of florins on) the face of the bill if- the course of 
Exchange was 12.90 (florins to the £1) ? 

8. What is the face of a bill on Paris for which I pay $126 in New 
York, the course of Exchange being 5.17 ? 

9. What is the face of a bill on London for which I pay $975 in 
New York, the course of Exchange being 4.875 ? 

10. What is the face of a bill on New York for which I pay £121. 
125. in London, the course of Exchange being $4,864 ? 

11. What is the face of a bill on Dublin which cost $810 in 
Chicago, at $4.86? 

12. Find the face of a bill on Vienna costing £323 in London, the 
oourse of Exchange being 12.92. - 



CHAPTER Xni 

PROPORTION 

193. DEF, Four quantities are said to be in propor- 
tion when the first quantity is the same fraction of the 
second which the third is of the fourth. 

As in Art. 119 we may state the same thing in several different 
ways. 

Four quantities are said to be in proportion when 
(i) The first quantity divided by the second = the third divided by 
the fourth. 

•(ii) The ratio of the first quantity to the second = the ratio of the 
third quantity to the fourth. 
And so on. 

3 ft., 10 ft, 76 c, and |2.50 are in proportion ; for 
3 ft. _ 3 , 75 c. _ 3 X 2 5 _ 3 
lOft^lO' |^2.50~10x25 10' 

f 15, $25, 5 cwt., and 84 cwt. are Tiot in proportion ; for 
$16_3 , 5 cwt. _20 
$25 "5' 8icwt."33' 

. Find a fourth (quantity) proportional to 3 lbs., 5 lbs., 
arid $12. 

the fourth proportional _ 5 lbs. 
$12 "3 lbs.* 

Thus the required fourth proportional =|^ of $12, that is, $20. 

194. DEF. Four quantities are said to be in inverse 
proportion when the fraction which the first quantity is 
of the second is the inverse of the fraction which the third 
is of the fourth. 

Example. 4 men, 7 men, $3.50, and $2 are in inverse proportion. 
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EXAMPLES. OXXXVI. 

Are the following in proportion ? — 
1. 7, 5, 21, 15. 2. 8, 9, 40, 44. 3. 3 yds. 1 ft., 1 ft 2 in., 16, 7. 

Find a fourth {quantity or mirriber) proportional to 
4. 6, 27, and 9. 5. 8, 14, and 20. 6. 4 yds., 1 ft. 6 in., and $2. 

7. 15 acres, 32 aci*es, and 20 men. 

8. 8 horses, 11 horses, and 15 acres. 

9. 65 miles, 14 miles, and 13 hours. 10. $840, $480, and 21 lbs. 
Find a fourth quantity in inverse proportion with 

11. 7 men, 1 man, 3 days. 12. 5 knots, 1 knot, 75 days. 

13. 5 horses, 7 horses, 7 days. 14. 4 miles, 7 miles, 14 hrs. 

16. 35 miles, 49 miles, 7 hrs. 16. 2500 men, 2200 men, 11 months. 

195. When one quantity is a certain fixed fraction of 
another quantity, any two pairs of values of these quanti- 
ties are in proportion. 

Example. The circumference of a circle is a certain fraction of its 
diameter ; the circumference of a circle 1 ft. in diameter is 3 •1416 ft.; 
find the circumference of a circle 5 yds. in diameter. 

Then, 1 ft., 3 '1416 ft, 5 yards and the required circumference are 
, req. circumference 3*1416 ft. 
m proportion ; hence, —2 — ^j^ =~TfL — ' 

or, req. circumference = 3 '1416 x 5 yds. = 15*708 yds. 

EXAMPLES. OXXXVII. 

1. Two quantities are in the proportion of 8 to 9 ; the first is $2 ; 
what is the other ? 

2. The weights of equal volumes of iron and water are 7*112 : 1 ; a 
cuh. ft. of water weighs 1000 oz.; what does a cub. ft. of iron weigh ? 

3. Find the circumference of a circle 3 ft. in diameter. [Art. 152.] 

4. Find the radius of a circle 12 ft. in circumference. 

5. The weights of equal volumes of hydrogen and oxygen are as 
•0693 : 1*107 ; how many cubic feet of hydrogen will weigh as much 
as 4 -2 cub. ft. of oxygen ? 

6. The area of a circle is proportional to the square of its radius ; 
if $5880 is given for a circular firld whose radius is 700 ft., what should 
be given for a circular field whose radius is 126 ft.? 

7. If a circular plate of gold whose radius is 3 inches cost $1125, 
what would be the radius of a plate of the same gold of the same thick- 
ness worth $405 ? 

P 
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8. The value of a diamond per carat is proportional to its weight ; 
if a diamond weighing 4 carats is worth $60, what is the value of a 
diamond which weighs 12 carats ? 

196. When two quantities vary as one another [Art. 
171], any two pairs of values of those quantities are in 
proportion. [For Examples, see Ex. cxii.] 

JEscample. If 13 cwt. cost $42.25, what will 50 cwt. cost f 

Since the price varies as the no. of cwt., the required cost is f| of 

..---- the required cost 60 cwt. 
$42.26; for, ^^^^ j3^^. 

197. Also when two quantities vary inversely as one 
another [Art. 173], any two pairs of those quantities are 
in inverse jyroportion. [Ex. cxiii.] 

Example. If 12 men mow afield in 22 days, ?u)W long will 33 men 

take to reap the same fi^Jd ? 

Since the no. of men varies inversely as the no. of days, the 

. J . . . , o r «« J r the required time 12 men 

required time is ^ of 22 days ; for, ^^ = __ 

^ ' •' ' ' 22 days 33 men 

Proportional Parts. 

198. A quantity is said to be divided into parts pro- 
portional to given numbers, when the first part divided by 
the first number = the second part divided by the second 
number, and so on. 

Example i. Divide $20 into two parts proportional to 7 and 3. 

We must find a unit such that (7 times the unit + 3 times the unit) 
make up $20 ; then, 7 units and 3 units are the required parts. 

For the result of dividing 7 units by 7= the result of dividing 3 
units by 3. 

In this case (7 + 3) times the required unit =$20, therefore the unit 
is $2 and the parts are 7 times $2 and 3 times $2. 

Thus the required parts are $14 and $6. 

Example ii. Divide $156 into parts proportional to J, J, and J. 

Now, J, i, and i=iSi ^> a"d A respectively; 

and parts which are equal when divided by ■^, ^, and -^ respect- 
ively, must also be equal when divided by 6, 4, and 3 respectively ,* 
and conversely. 

So that we may take the numbers 6, 4, and 3 instead of i, J, and i. 
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Hence, we find a unit such that (6 + 4 + 3) units =$156. 
Thus the unit is t^j of $156 or $12 ; and the parts are 6 times $12, 
4 times $12, and 3 times $12 ; that is, $72, $48, and $36 respectively. 

Example iii. A prize was divided between A, B, aiui C in the pro- 
portion of%, ^, and f ; A received $900 ; what wds the prize f 

Here, f, 4^, and |==^^, IH, and ^ respectively ; hence we use 
the numbers 90, 112, and 75 instead of the fractions |, 4^, and f. 

Hence we must find a unit such that 90 times the unit =$900. 

This unit is $10; therefore the required amount is (90 + 112 + 75) 
times $10; that is $2770. 

Example iv. A man leaves one-third of his property to his lovdow 
and one-half to his son^ who gets $286 more than either of his four 
sisters^ between whom the residue is divided equally ; whai is the whole 
sum left f 

Taking the whole sum left as the unit, the four sisters get (1 - i - i) 
or, J of the unit between them ; each sister gets J of J, or, ^ of the 
unit. 

The difference between \ and -jx of the unit is \\ of the unit ; 

the difference between the son's and the daughter's share is $286. 

Hence ^ of the unit is $286. 

So that the unit is ff of $286 ; that is, $24 x 26, or, $624. 

Example v. How many English florins, half-crowns, and shillings 
of which the numbers are proportional to 1 i, 3fV» ^^^ 2^ are together 
worth £55 ? [A florin is 2 shillings, a crown is 5 shillings. ] 

Instead of 1^, 3^, 2^, or \^y |4» H. we use 15, 33, 25 ; hence the 
values of the three groups of coins (florins, half-crowns, shillings), 
with sixpence as unit, are as 4x15:5x33:2x25; that is, as 
12 : 33 : 10. 

Hence, the groups of coins are worth Jf of £55, ff of £55, and ^§ 
of £55, or £12, £33, and £10 respectively. 

Therefore there are 120 florins, 264 half-crowns, 200 shillings. 

EXAMPLES. OXXXVIIL 



Divide each of the following : — 

1. 143 in the proportion of 2, 5, 4. 

2. $169 in the proportion of 1, 2, 3, 3, 4. 

3. $299 in the proportion of 1, 2, 3, 4. 
4- $253 in the proportion of 6, 7, 10. 

5. $1728 in the proportion of 73 and 71. 

6. $720 in the proportion of 4, 5, and 6. 

7. 19 tons 10 cwt. in the proportion of J, J, J. 
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8. $24.50 in the proportion of J, |-, }. 

9. 11064 into parts proportional to 2, 2}, 2f. 

10. 180 lbs. into parts proportional to 3*3, 7, '5. 

11. $43 into parts proportional to 10, 2 J, 1, J, i. 

12. $6336 into parts proportional to J, |-, and '7. 

13. Gunpowder is composed of nitre, charcoal, and salphur in the 
proportion of 33, 7, and 5. How many lbs. of sulphur are there in 
180 lbs. of powder ? 

14. How many pounds of the above gunpowder can be made with 
30 lbs. of sulphur, and how much nitre and charcoal is required ? 

16. How many pounds of the above gunpowder can be made with 
112 lbs. of charcoal, and how much sulphur is required ? 

16. Divide $96.50 into two parts, such that one of them is three- 
sevenths of the other. 

17. Divide 27 cwt. 37 lbs. into two parts, one of which is two-fifths 
of the other. 

18. Divide £13. 195. 6d. into an equal number of half-guineas, crowns, 
half-crowns, florins, shillings, and sixpences. [One guinea = 21 
shillings.] 

19. Divide $172 among Ay B, and C, so that for every dollar given 
to A, B gets $10 and C $10.50. 

20. Divide $195 between A, By and C, so that A gets twice as much 
as B, and B four times as much as C. 

21. Divide $195 between Ay By and C, so that A gets three times 
as much as J5, and B three times as much as C. 

22. Divide $195 between Ay B, and C, so that A gets four-sevenths 
of J5's share, and C gets one-half of ^'s share. 

23. Divide 1436 tons 6 cwt. 88 lbs. among 6 men, 5 women, and 6 
children, so that each woman gets t^dce and each man three times 
the share of one child. 

24. Divide $11661.15 among 2 men, 3 women, and 5 children, so 
that each woman gets twice as much as a child, and each man as much 
as a woman and child together. 

26. A certain sum is divided amon^ Ay By and C, so that A gets 
three times as much as B, and B three times as much &sC; A receives 
$120 more than B ; what is the sum divided ? 

26. A certain sum is divided between Ay By and (7, so that A gets 
twice as much as B, and B tive-halves of C/*s share, which is $857.46 ; 
what is the sum ? 

27. Divide $432.90 amongst 5 men, so that their shares are in the 
proi)ortion of the first five prime numbers. 

28. Divide $12.80 among 6 persons, so that the share of each 
(except the first) may be equal to the sum of the shares of all who 
eome before. 
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29. Find the area of a field whose perimeter is a quarter of a mile, 
and whose length is eight-thirds of its breadth. 

30. The sides of a triangle are proportional to 3, 4, and 5 ; the 
smallest side is 2 yds. ; find the perimeter of the triangle. 

31. The sides of a triangle are proportional to 1, g, and |, and the 
largest side is 1 yard ; find the other two sides. 

32. A and B are partners ; the former furnished $840, and the 
latter $1080 capital ; what should be their shares of $432 profit ? 

33. A and B enter into partnership ; A furnishes $1500, and B 
$1875 capital ; what should be ^'s share in a loss of $270 ? 

34. The gains of a partnership of A^ B, and C for a year are 
$20515.02; A furnishes $8325, J? $6660, and C $5550 capital; what 
profit does A receive ? 

36. A and B enter into partnership; A furnishes $2000 for 8 
months, B $3000 for 4 months ; what should ^'s share be in $1750 
profit, reckoning only simple interest on the capital ? 

36. A, Bf and C form a partnership ; A putting in $4500 for 9 
months, B $6300 for 1 year, and $10800 for 5 months ; divide 
between them a loss of $6300. 

37. A business was commenced on Jan. 1st, when A put in $1000 ; 
on Mar. 1st B put in $1200 ; July 1st C put in $1500 ; and Sept. 1st 
D put in $2000 ; divide a profit of $2050 at the end of the year, 
reckoning only simple interest on the capital. 

38. Ay B, and C hire a meadow for a year for $80 ; A puts in 80, 
B 120, and C 200 sheep respectively ; what share of the rent should 
each pay ? 

39. A and B pay $49 for the rent of a field, A puts in 20 horses 
for 12 weeks, and B 25 horses for 10 weeks; divide the rent fairly 
between them. 

40. Ay By C, and D engage in business with a joint capital of 
$22500 ; at the end of a certain time A receives $2000, B $2800.76, C 
$1685.25, and D $1014 ; how much capital did D put in ? 

41. Ay By and C purchase a farm for $12000, of which C pays 
$5000 ; they sell it so as to gain a certain sum, of which A takes 
$712.7 and B $1425.4; what is C's share of the profit? • (To the 
nearest cent. ) 

42. Ay By and (7 do a piece of work for $529, (7 does J of the work, 
and tl)e work done by A is to that done by ^ as 10 is to 13 ; what 
should A be paid ? 

43. -4 and J5 undertake a contract, A furnishes 5 men for 20 days, 
and in addition 6 men for 15 days ; B furnishes 10 men lor 12 days, and 
also 9 men for 20 days ; A receives $1662.50 ; what should B receive ? 

44. Three men contribute $4600 between them, A gives $400 more 
than By and B gives $300 more than C\ divide a profit of $345 
between them. 
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46. A steeple is 268 ft. high, and the height of the church is 12 ft. 
higher than | of the height of that part of the steeple which is above 
the church ; what is the height of the church ? 

46. A man left his property to A^ Bf and C; to ,^4 he left $180 less 
than one- third of his property, to B one-fourth, to C the rest, which 
was $590 less than what -4 and B received ; what was the property ? 

47. 310 coins consist of sovereigns, half-sovereigns, and florins ; 
the values of the sovereigns, half-sovereigns, and florins being as 
5:3:2; how many florins are thore. 

48. £38. 4*. is made up of half-sovereigns, half-crowns, and three- 
penny-pieces ; there are twice as many half-crowns as half-sovereigns, 
and the half-sovereigns to the threepenny-pieces are as 3 is to 11 ; how 
many coins are there ? 

49. A farm of 365 acres is divided, so that a man receives 3J a., a 
woman IJ a., and a child 1 a. ; there are 5 men to every 6 women ; 
and 2 children to each man ; how many men are there ? 

60. If 3 men do as much work as 5 women, and 4 women as much 
as 5 children, divide a day's wage of $26.70 among 9 men, 11 women, 
and 12 children. 

61. Divide $2450 among 2 men, 8 women, and 10 children for work 
done, on the supposition that 1 man does as much work as 3 women 
or 5 children. 

62. Ay B, and C are partners in a business, and their shares are in 
the proportion of i, J, and J ; A withdraws half his capital at the end 
of 4 months, and after 8 months a profit of $1056 is divided ; what is 
^'s share! 

63. The areas of circles are proportional to squares on their radii ; 
divide a circle 1 ft. in diameter into three equal parts by concentric 
circles. 

64. A circular plate of gold, 10 in. in diameter and 1 in. thick, is 
melted and formed into two other circular plates, each 1 in. thick, 
whose diameters are in the ratio of 3 to 4 ; find the diameters. 

66. A circular plate of gold is treate<l as in Ex. 54, except that the 
new plates are ^ in. thick ; find their radii. 

199. The following examples in 'Alligation' may be 
solved by the method of proportional parts. 

Example. In what proportion must a man mix teas at 48c. per lb. 
and at 68c. per lb. to sell the mixture withotct profit at 60c. per lb. ? 

By selling at 60c. per lb. 

on 1 lb. of tea at 48c. he would gain 12c. -j ^e ^o «^a a i^ oa . 

,,- -, j^/,«i 111 o y L.C.M. 01 12 and 8 is 24 : 

on 1 lb. of tea at 68c. he would lose 8c. J 

on 2 lbs. of tea at 48c. per lb. he would gain 2 x 12c., i.e. 24c. ; 

on 3 lbs. of tea at 68c. per lb. he would lose 3 x 8c., i.e, 24c 

Thus, if with 2 lbs. at 48c. he mixes 3 lbs. at 68c., he will neither 

gain nor lose ; the proportion is, 2 parts to 3. 
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. EXAMPLES. CXXXIX. 

1. In what proportion should oats at 75c. per bushel be mixed with 
peas at $2 per bushel, that the mixture may be worth $1.25 per 
bushel ? 

2. In what proportion must teas at 56c. and at 88c. per lb. be 
mixed that the mixture may be worth 64c. per lb. ? 

3. Form a mixture worth 72c. per lb., using teas worth 68c. and 
82c. respectively. 

4. A grocer has 4 kinds of sugar worth $6.26, $12.50, $15.50, and 
$17.50 per cwt. ; in what proportions may he mix them to obtain a 
compound worth $14.50 per cwt, using equal parts of the first three 
kinds ? 

5. A merchant has oats at $3, barley at $5, and wheat at $10 per 
sack ; he forms two mixtures each worth $7 per sack ; in the first are 
equal quantities of oats and barley, and in the second equal quantities 
of barley and wheat ; find the proportions. 

6. Coffee at $18.76, $22, and $27.60 per cwt., are mixed so as to 
form a mixture worth $24 per cwt. ; show that this can be done in an 
unlimited number of ways ; and find the proportion when equal 
quantities of the last two kinds are taken. 

7. A dealer buys milk at 6ic. per quart, and after diluting it with 
water obtains as profit three-fifths of his outlay by retailing the 
mixture at 8c. per quart ; what proportion of water does he add to 
the milk ? 



CHAPTER XIV 

PROFIT AND LOSS 

200. When a profit or loss is said to be so much per 

cent it is always understood that the percentage is 

reckoned on the COSt price. 

It will be found conveDieut in some examples to imagine a unit 
such that the cost price is 100 units. 

Example I Goods which cost $20 are sold for $22 ; find the profit 
per cent. 

Take a unit such that the cost price is 100 units. 
Here, the cost price is $20, the profit is $2 ; hence 
the profit is ^ of the cost price, that is, ^ of 100 units, or 10 units. 
Therefore the profit is at the rate of 10 per cent. 

Example ii. An article is sold for $1.15 a^ a profit of 15 per cent. ; 
for what must it be sold so aw to gam 12 per cent. ? 

Let the unit be such that the cost price is 100 units ; then the given 
selling price is 115 units and the required price is 112 units. 

Thus the required price is ^rf of the given price ; 
that is, HI of $1.15 or $1.12. 

Example iii. Having two houses of equal value^ hy selling viie of 
them at $1275 I find I lose 15 per cent. ; for what sum must I sell the 
remaining hou^e so as to gain 8 per cent on the whole trav suction ? 

Let the unit be such that the cost price of each house is 100 units ; 
then, the first house was sold for 85 units. 

The two houses together cost 200 units ; so that to gain 8 per cent, 
on the cost, the two together must be sold for 216 units. 
Therefore the second house niiist be sold for 216 - 85, or, 131 units. 

Hence, the selling prices of the first and of the second house are in 
the ratio of 85 to 131. Therefore the second house must be sold for 
W^ of $1275 or $1965. 

Example iv. The rents on a certain estate are 15 per cent, higher 
now than they were 10 years ago ; the landlord allows 20 per cent, oj 
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the total rental for repairs, and pays his agent 4 per cent, on the 
remainder for collection ; after paying a tax of 1 cent in 30 cents on 
his gross income his net income is $6670 ; what was the rentaZ of the 
estate 10 years a^o f 

The required answer is $6670 x f^ x ^ x W x W ; 

that is $29 X 2a X 10 X 1^ X If X f X ll or $7812.50. 

[The mental process is as follows : 80 of gross income gives 29 of 
net income ; hence, gross income =f^x net income ; (whence the first 
multiplier) ; 100 of net rental gires 96 of gross income ; 100 of gross 
rental gives 80 of net rental ; and 100 of gross rental 10 years ago, 
gives 115 gross rental now ; whence the other multipliers.] 

EXAMPLES. OXL. 

1. A knife which costs 90c. is sold for $1.08 ; find the profit per 
cent 

2. A book costs $2.94 and is sold for $3.60 ; what is the profit per 
cent. ? 

8. Groods which cost $35 are sold for $42; find the profit per 
cent 

4. Goods are sold for $189 at a profit of 5 per cent, on the cost 
price ; find the cost price. 

6. Goods are purchased at $125 per ton and sold at 5 cents per lb. ; 
find the profit per cent. 

6. Goods sold at 2 cents per lb. realise a profit of 12 per cent.; find 
the cost price per long ton. 

7. Groods bought for $120 are sold at a profit of 10 per cent. ; what 
did they fetch ? 

8. At what price must goods which were bought for $160 be sold 
if a lose of 18 per cent, is to be realised ? 

9. By selling goods for $336 I realise a profit of 12 per cent, on 
the cost price ; what did they cost ? 

10. If I sell goods which cost me $33 at a profit of 274 pcr cent, 
what do I gain on the transaction ? 

11. If I sell goods at $47.50, losing 5 per cent, how much do I 
lose? 

12. If I sell so as to make a profit of 23 per cent, how much do I 
gain on goods which cost me $3.75 ? 

18. I sell goods for $230 at a profit of 15 per cent. ; what per cent, 
should I have gained if I had sold them for $210 ? 

14. By selling sugar at 9 cents per lb. a dealer loses 10 per cent. ; 
at what price per cwt would he have gained 10 per cent. ? 

16. A watch is sold for $76 at a loss of 5 per cent. ; what would 
have been gained or lost per cent, if it had been sold for $95 ? 
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16. By selliDg goods for $364 a man loses 9 per cent.; find the 
selling price at which he would have gained 7 per cent 

17. A dealer sold 250 sheep for $2143.75, gaining thereby 1&| per 
cent ; what was the cost price of a sheep ? 

18. By retailing tea at 5 cents per oz. a grocer gained 33J per cent. ; 
what profit per cent, does ho gain by selling at 66 cents a lb. ? 

19. By selling goods for $8179.50 a dealer lost 9 per cent ; at what 
price would he have gained lOJ per cent ? 

20. A trader gains 10 per cent by selling wine at $11.88 per doz. ; 
what will he gain per cent, if he raises the price to $13.68 ? 

21. The cost price of a book is $5.40 ; the expense of sale is 8 per 
cent upon this, and the net profit 25 per cent on the sum of these 
two ; find the selling price. 

22. By selling a horse for $212.50 a person lost 7^ per cent ; find 
the gain or loss per cent by selling it for $241.25. 

23. By selling a horse for $315 I lose 16 per cent ; at what price 
must I sell to gain 20 per cent ? 

24. In an examination A beat B by 12^ per cent of the full marks 
1200 ; if B\ marks were 590 what were A^ % 

26. The population of a town at one census was 45720 and at the 
next it was 51020 ; find the increase per thousand. 

26. The annual mortality of a certain town is 28 per 1000 of the 
estimated population at the beginning of the year ; in 1 year there are 
4900 deaths ; what is the population of that town at the beginning of 
the year ? 

27. The annual birth-rate of a town is 33 per 1000 and the death- 
rate 2 per cent. ; the population increased in a certain year by 620 ; , 
find (i) the population at the beginning of the year, (ii) the number of 
births in the year, (iii) the number of deaths. 

28. A merchant sells to a retailer at 60 per cent profit, but the 
latter failing he only receives $1 in $8 ; find the merchant's gain or 
loss per cent 

29. By selling an article for $5.50 I gained | of my outlay ; what 
should I have gained per cent if I had sold it for $6.50 ? 

30. A man sells an article at 5 per cent profit ; if he had bought it 
at 5 per cent, less than he did and sold it for 25 cents less he would 
have gained 10 per cent. ; find the cost price. 

31. By selling tea at 72 cents, per lb. I gain l^tli of the cost price ; 
what per cent do I gain if I raise the price to 80 cents per lb. ? 

32. By selling needles at 90 cents per thousand \ of the selling price 
is gained ; find the selling price so as to gain 60 percent, on the prime 
cost. 

33. A man bought a horse and sold it at a loss of 10 per cent ; if 
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he had received $45 more he would have gained 12^ per cent ; what 
did the horse cost ? 

34. A man buys a quantity of wine at $4 a gallon ; 20 per cent, of 
it is wasted ; at what price per gallon must he sell the remainder so 
as to gain 20 per cent, on his outlay ? 

36. A tradesman proposes to retail his goods at 10 per cent, profit, 
but adulterates them by adding J of their weight of an inferior article 
which costs him ^ths of the price of the better ; what profit per cent, 
does he make ? also in what proportion must he mix the two kinds so 
as to gain 20 per cent. ? 

36. Three sacks contain equal quantities of wheat, barley, and oats, 
and a mixture is formed by taking 50 per cent, of the first sack, 30 
per cent, of the second, and 70 per cent, of the third ; what percentage 
of the whole quantity is taken ? 

37. I buy coffee at $40.80 per 112 lbs. and chicory at $12.00 per 
112 lbs. ; at what price per lb. must 1 sell a mixture of 5 parts chicory 
to 7 of coffee so as to gain 16| per cent, on my outlay ? 

38. I mix 3 cwt. of tea which cost $72 a cwt. with 1 cwt. which 
costs $84 ; at what price per lb. shall I gain 4 per cent. ? 

39. Of the gross receipts of a railway company 41 per cent, is taken 
for working expenses, 56 per cent, to give the shareholders a dividend 
of 3i per cent, on their shares, and the remainder $15000 to the 
reserve fund ; find the amount of the shares. 

40. How must I mix two soi*ts of tea which cost 72 cents and 84 
cents per lb. respectively, to sell at 88 cents per lb. and gain 10 per 
cent. ? 

41. A grocer must sell his stock of tea at 80 cents per lb. to gain 
33J per cent. ; by mixing it with an inferior tea in the proportion of 
4 to 1 he gains 33^ per cent, by selling at $11.28 for 15 lbs. ; find the 
cost of the inferior tea. 

42. I purchase 2276 lbs. of cofi'ee at 42 cents per lb. and mix it with 
chicory at 9 cents, per lb. in the proportion of 3 parts weight of 
the former, and 2 of the latter ; at what price per lb. must I sell the 
mixture lo gain 25 per cent. ? 

43. A tradesman buys articles at $1.92 per gross (twelve dozen), he 
divides them into five equal lots which he sells at 48 cents a score (20), 
36 cents a dozen, 30 cents a dozen, 4 cents each, and $3.60 a hundred 
respectively ; find the profit per cent. 

44. A boy buys a number of oranges at 3 for 4 cents and a third of 
the number at 1 cent each ; at what rate must he sell them to gain 20 
per cent, on his outlay ? Supposing his total profit to be $1.28, how 
many did he buy ? 

46. I buy a number of apples at 1 cent each, and half the same 
number at 4 for 6 cents ; at what price must I sell to gain 20 per cent. 
on the cost ? if my total profit is $1.12, how many did I buy ? 



CHAPTER XV 

AVERAGE VALUE 

201. DEF, The average value of a number of things 
of the same kind is their sum divided by the number of 
them. 

Hence, the sum of a number of things is equal to their 
average value multiplied by the number of them. 

Example i. What is the average age of three men who are 70, 76, 
and 79 years old respectively? 

The sum of their ages is (70 + 76 + 79), i.e. 225 years; and this 
divided by the uuiuber of them, i.e. by 3, gives the average value, 
which is 75 years. 



tie ii. 77ie average age of a class of 20 boys w 14*95 years ; 
the average age o^ ^ class is raised to 15 years by the coming of a new 
hoy ; how old is this new hoy? 

The sum of the ages of all the boys is the average age multiplied 
by the number of the boys ; hence, the sum of the ages of the 20 boys 
is 20 times 14*95 years ; the sum of the ages of the 21 boys is 21 times 
15 years. The age of the new boy is therefore (15 x 21 - 14*95 x 20) 
years, that is, 16 years. 

EXAMPLES. CXLL 

1. What is the average age of five men who are 89, 83, 80, 79, and 
74 years old respectively ? 

2. The population of three towns is 19375, 24125, and 15000 
respectively ; what is the average population of the towns ? 

3. The weights of a boat's crew are respectively 9 st. 5 lbs., 10 st., 
10 St. 5 lbs., 11 St. 1 lb., 12 St., 11 st. 6 lbs., 11 st. 4 lbs., and 
10 st 7 lbs. ; what is the average weight of the crew? [N.B. — 1 
stone =14 lbs.] 
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4. The temperatures observed at different hours in a certain day 
were 40", 42°, 45% 50% 55% 58% 57% 54% 52% 51% 49% and 47*' ; find 
the mean value of these observations. [N.B. — Mean value is often 
used for average value.] 

5. A train travels 1 ft. in the first second of its motion, 2 ft. in 
the next second, 3 ft. in the next, 4 ft. in the next, 5 ft. in the next, 
6 ft. in the next; find the average distance which it travels per 
second. 

6. A train travels 3 miles in the first quarter-of-an-hour of its 
motion, 6 miles in the next quarter-of-an-hour, 9 miles in the next, 
10 in the next, 12 in the next, 13 in the next, 12 in the next, 7 in the 
next ; find the average distance travelled in a quarter-of-an-hour. 
[Compare Art. 180.] 

7. A train travels 1 mile in the first 5 min., 2 miles in the next 6 
miu., 3 miles in the next, 3^ in the next, 3{ in the next, 4 in the next, 
4J in the next, 4^ in the next, 1 mile in the next ; find its average 
speed per hour. 

8. The average weight of the crew in Question 3 is diminished by 
2 lbs. by including the weight of the coxswain ; find the weight of the 
coxswain. 

9. The average weight of the 8 oarsmen in a boat is increased bv 
2 lbs. when one of the crew who weighs 12 stone is replaced by a fresh 
man ; what is the weight of the new man ? 

10. A merchant buys 50 doz. of wine at $10.50 per doz., 40 doz. 
at $5.25 per doz., and 36 doz. at $9^ per doz. ; what is the average 
cost per doz. ? 

11. A landowner lets 100 acres of land at $5 per acre, 150 acres at 
$6.25 per acre^ and 200 acres at $7.50 per acre ; what average rent 
does he get per acre ? 

12. In a factory a certain number of men receive $10 per week, 4 
times as many receive $9 per week, and 10 times as many receive $5 
per week ; what is the average weekly wage per man ? 

13. The average age of the boys in a school of 200 boys is 14*75 
years ; what will be the average age if 10 new boys come whose average 
age is 12'3 years ? 

14. The average age of the boys in a school of 750 boys is 15*4 
years ; 50 boys leave, thereby diminishing the average of the school to 
15*3 ; find the average age of those who leave. 

15. The average age of the boys in a school of 120 boys is 16*5 
yeai-s, the average age of the 12 masters is 30 years ; what is the 
average age of the boys .and masters together ? 

16. The merchant in Question 10 sells the 50 doz. of wine at a 
profit of 10 per cent., the 40 doz. at a profit of 20 per cent. , and the 
36 doz. at a profit of 25 per cent. ; what is the average selling price 
per dozen ? 

17. The average temperature for Monday, Tuesday, and Wednesday 
was 53** ; the average for Tuesday, Wednesday, and Thursday was 56% 
that for Thursday being 60'' ; 'what was the temperature on Monday ? 



CHAPTEE XVI 

STOCKS 

202. Stock is the name given to money lent to some 
Kail way or other Company, or to our own or to some 
Foreign Government. 

When the money is lent to a Foreign Government the 
rate of interest is fixed, but is different under different 
circumstances. 

Illustration. — Suppose a Company formed for the purpose of con- 
structing a new Railway. Those who are starting the Company, the 
Promoters, agree that the Capital shall be so much, say $5,000,000 
divided into 50,000 shares, each worth $100. This capital is offered 
for subscription ; that is, any one may join the Company and become 
a shareholder by buying a number of sjfiares. Now suppose the Rail- 
way made, and in working order ; if the line pays well, the profit to 
be divided among the shareholders will be perhaps $6 for every share ; 
in this case the Company is said to pay 6 per cent. : should the line 
not pay well, it may possibly pay only 2 or 1 or even J per cent. 

Any shareholder in this Company may at any time sell his shares ; 
when he does so, he will be able to ^et more for a share if the line 
pays $6 per share than if it pays only $2 per sliare ; hence the value 
of a share depends on very many circumstances and is constantly 
liable to change. 

Example. I have $11700 Stock in a Railway Co^npany's Ordinary 
S'ock tohich pays 6 per cent, and is at 129 ; wIuU is my income and 
whai is the value of the Stock ? 

Here $11700 Stock is the name for 117 shares whose original value 
r\'as $100. *6 per cent.' means $5 for each $100 share. 

Thus my income is 117 times $5, that is, $585. 

* At 129,' means that if I sell my shares I shall get $129 for each 
.)f them ; so that my 117 shares are worth 117 times $129, that is, 
<15093 cash. 
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Again, suppose the Company described above wishes to expend 
more capital on its Railway. It is not usual to issue more shares, 
like those issued at first ; the Capital originally subscribed is called 
Ordinary Stock and is not increased ; instead of increasing the 
Ordinary Stock, the Company borrows money at a fixed rate per cent., 
and agrees that the interest on this money shall be paid before any 
interest on the original shares is paid. Money so borrowed is called 
Preference Stock. The value of rreference Stock does not in general 
alter so much as that of Ordinary Stock, because the rate of interest is 
fixed ; but it does alter, according to the general rate of interest which 
money will fetch ; and sometimes also according to the ability of the 
Company to pay the interest. 



EXAMPLES. OXLIL 

Find the cash value of, and the income derived from, each of the 
six following : — 

1. $1000 stock in the 3 per cents, at 98. 

2. $3000 stock in the 4 per cents, at 112. 

3. $1375 stock in the 5 per cents, at 135. 

4. $4350 Canada 5 per cents, at 108. 

5. $4760 Railway 4 per cent. Debentures at 120. 

6. $17200 Consols (3 per cent.) at 99. 

203. The most convenient method of working questions 

on Stocks is by using $100 stock as a unit, and giving it a 

name, say, a share/ 

Example i. / have $13500 4 per cent. Preference Stock of a RaiU 
way Company a^ 105 ; find the alteration in my income if I transfer my 
moTvey into the Ordinaiy Stock at 62 J paying 2 per cent. 

* It must be noticed (i) that a stockholder or a shareholder has no 
right to demand the repayment of his original loan ; he has only the right 
to his dividend or annual interest ; and this is what he sells when he is 
said to sell his stock or his shares. 

(ii) That when the capital of a company or a loan is made up of 
shares, each of a certain value, they are often called $100 bonds, or $50 
BONDS, or $20 BONDS, according to their nominal value ; and a bondholder 
cannot buy or sell a part of a bond ; wliile when the capital or loan is 
called Stock it may be bought or sold in any quantity. For example, I 
may buy $422.50 stocky but I can only buy so many $20 bonds. 

(iii) In what follows a shoA-e is always used as a nxivM for $100 stocky 
or for bonds whfise total nominal valite is $100, 
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That *I have $13500 4 per cent. Preference Stock,' means that I 
have 135 * shares,' for each of which I receive $4 a year interest. 
My income is therefore 135 times $4, that is, $540 a year. 
I sell these 135 shares for $105 each, and receive $14175 cash. 
With this cash 1 bay shares which cost 62} each. I therefore buy 

ii^ = ^m^=226-8 shares, that is, $22680 Ordinary Stock. 

For each of these 226f shares I receive $2 a year. 

My income is now 226f x $2 =$458.60. 

Thus my income is diminished by $86.40 a year. 

Example ii. What is the price of a 4 per cent, stock when a person 

can buy $13883} stock /or $12450 ? 

Here $13833} = 138J of $100. 

So that $13833} stock is 138} ' shares,' 

Now 138} shares cost $12450 casK 

12450 
Therefore 1 share costs $ , , that is, $90 ; in other words, 



the price of the stock is * 90 per cent,' or, * 1 below par.* * 

Example iii. ffow much money must be invested in the 3} per cents. 
al 99} to produce an annual income of $392 ? 

To produce $3} income it costs $99} cash. 

392 
Therefore to produce $392 income it costs - ,- x $99} ca^h ; 

o} 

^, , . $392x2x198 a-.^,.. r 
that IS, ^=- — = — , or, $11144 cash. 

When considering the meaning of a question on Stocks 
the student must carefully distinguish between dollars stock 
and dollars cash. 

We may notice (i) That money which is to be invested must be 
cash, (ii) That money which is to be sold out, that is, sold out of a 
Company, must be stock. 

* Note. — When the market vahie of $100 stock is $100 cash, the 
stock is said to be at par ; when $100 is at $98, -it is said to be o^ a 
discount of 2 per cent., or 2 below ^?«r ; when it is at $102, it is said to 
be o^ a premium of 2 per cerU. , or 2 above par, 

EXAMPLES. OXLIII. 

1. How much of the Russian 6 per cent, stock at 89} can I buy for 
$44750, and what will be the income derived therefrom ? 
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2. How much stock in the 4 per cent. Railway Debentures at 105J 
can I buy for $73850 ? 

3. How much money should I obtain by selling $228375 4 per cent. 
New South Wales Stock at 6| above ]iar ? 

4. What income should I derive from the purchase of $22750 4 per 
cent. Railway Debentures when they are at 2 J per cent, discount, and 
what will they cost me ? 

5. What income is derived from investing $18600 in the 3 J per 
cents, at 7J below par, and how much stock is purchased ? 

6. What income shall I derive from investing $17000 in the 4i per 
cents, when they are 2 per cent, above par ? 

7. How much must I invest in the 3J per cents, at 99| to realise an 
income of $4200 a year ? 

8. How much must be invested in the 4 J per cents, at 119 to pur- 
chase an annual income of $500 a year ? 

9. How much 4 J per cent. Debenture Stock at 114 must be bought 
to provide an annual income of $900 ? What will it cost ? 

10. What must be invested in 4 J per cent, stock at 95 to bring in an 
income of $2190 ? 

204. The buying and selling of stock is usually done 
through an agent, called in this case a Broker. 

A Broker charges so much (generally 12ic. or 25c. ) for selling or 
buying $100 stock. When he charges 12 Jc. (=$i) he is said to charge 
J per cent., when 25c. (=$J) he is said to charge J per cent. The 
brokerage is of course added to the cost of a share ; and suMracted from 
the money obtained from the sale of a share. 

Example i. / transfer $4500 stock from the 3 per cents, at $97f to 
Railtoay 4 per cent, debentures at 89J ; find the change in my income 
(brokerage being J). 

My income before the transfer was 45 x $3 =$135 ; I sell 45 shares 
for $(97| - J) each ; I receive tlierefore $45 x 97^ cash. 

With this cash I buy shares which cost me $(89 J + J), or $90 each ; 

46 X 97i 
so that I buy — ^ shares, that is, 48| shares. 

Thus I buy $4875 debenture stock ; my new income is 48f x $4, or 
$195 yearly ; the change in my income is $60 a year, increas e. 

Example ii. What percentage is obtained for moTiey invested in the 
Fwids (3 i)er cent. ) when they are 4f below par ? 

When the Funds are 4} below par, each $100 stock costs $95J ; 

hence, for $96 J cash I receive $3 interest. [p. 190, Ex. iv.] 

g 
Aad 3 on 96J is at the rate of ^. of 100 per cent. 
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That is, the interest on money is at the rate of ^/ff- per cent. ; 
that is, ^fj, or 3^^ per cent., or 3 15 (nearly) per cent. 

Example iii. Which is the better investm^efU, the 3 per cents, at 89, 
or the ii per cents, at llO^ 

Suppose we invest $89 x 110 cash in each stock. 

In the first case we shall buy 110 shares, the income being 110 x $3, 
or $330. 

In the second case we shall buy 89 shares, the income being 89 x $4, 
or $356. 

So that the 4 per cents, at 110 yield the best income. 



EXAMPLES. OXLIV. 

Find the change of income in the following cases : — 

1. $9500 transferred from the 3 per cents, at 99 to the Egyptian 7 
per cents, at 47§ (brokerage J). 

2. $5876 in the Funds (3 per cent.) at 100 J transferred to a 6 per 
cent, stock at 140 J (brokerage J). 

3. $71400 Ordinary Stock paying 6| per cent, at 137 J transferred 
to Ordinary Stock paying 9f per cent, at 21 8| (brokerage J). 

4. $12000 in the Egyptian 7 per cent. Loan at 87f transferred to 
the Funds (3 per cent. ) at 99 J (brokerage J). 

5. $2560 in Ordinary Stock at 63^ paying If per cent, transferred 
to 4 per cent. Debentures at 100 1 (brokerage J). 

What percentage is paid in each of the seven following cases I — 

6. Railway Stock at 136 paying 6J per cent. 

7. Consols (3 per cent.) at 97J. 

8. Turkish 7 per cents, at 82. 

9. Canada 5 per cents, at 105. 

10. N. S. Wales Inscribed 4 per cent, stock at 109. 

11. Metropolitan Board of Works 3i per cents, at 106 J. 

12. Ordinary Stock paying 7i per cent, at 157. 

13. Which is the better investment, 4 per cents, at 110 or 3J per 
cents, at par ? 

14. Which is the better investment, a stock paying 3 J per cent, at 
88 or one paying 4*4 per cent, at 96§ ? 

16. Which is the better investment, 3 per cent, stock at 81 or 5 per 
cent, stock at 27 above par ? 

16. Which is the better investment, 3 per cent, stock at 87 or 6 per 
cent, stock at 168 I 
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17. Which would yield the greater return for an inyestment. Mid- 
land stock at 138 J or Great Northern stock at 125 J, the former paying 
6g per cent., the latter 6 J per cent. ? 

18. Which is the more profitable stock to invest in, 3 per cents, at 
83 J or 3J per cents, at 8 per cent, discount ? 

19. I invest $21390 in the 5 per cents, at 114|, and afterwards sell 
at 135i and invest in the 4 per cents, at 92| ; what is the change in 
my income (brokerage J) ? 

20. A man derives an income of $777 from an investment in the 
3i % stock at 67i ; how much stock does he own and how much is it 
worth ? {N.B. % stands for *per cent.') 

21. I invest $27226 in the 3 per cents, at QOf, and when they havrf 
risen to 91 J I sell out and invest in the 3 J per cents, at 978 > what is 
the change in my income (brokerage ^) ? 

22. A person invests $2645 in railway shares at 114|, the annual 
dividend being $5 on each share ; afterwards he sells out at 125^ and 
invests in 3 per cent. Consols at 93g (brokerage on railway stock J, on 
Consols J). Find the change in income. 

23. A person has $5000 stock in the 3 per cents, which he sells 
and reinvests in the 3i per cents, at 87§ (brokerage J) and increases 
his income by $5 ; find the price of the 3 per cents. 

24. If I sell out $5610 3 % stock at 97g and invest the proceeds 
half in 3i % stock and half in 4 % stock, both at 116|, find the change 
in my income (brokerage J). 

26. What amount of stock in the 3 J per cents, will produce the same 
income as $2492 in the 3 per cents. ? 

26. By selling $1000 3 per cents, at 95 and reinvesting it I increase 
my income by $10 a year. If the dividend on the new shares is 8 per 
cent., what is the price of them ? 

27. A man invested the same sum in two different stocks, a 3 per 
cent, stock at 87i and a 3i per cent, stock at 93 J, and his income from 
one is $212 more than from the other ; what sum has been invested in 
each? 

28. What sum must be invested in the 3 per cents, at 90 to amount 
in 23^ years at simple interest to $3210 cash ; the price of stock 
remaining unchanged ? 

29. How many years sooner would the required amount in Question 
28 be realised if the price of stock rose to 96 ? 

30. A man has $4100 which he invests in 3 per cent, stock at 87 and 
6 per cent, stock at 104 ; what sums must he invest in tlte respective 
stocks to make 3i per cent, on the whole ? 

31. A man has $3000 which he invests in 3 per cent, stock at 96 and 
6 per cent, stock at 168 ; what must be the amount invested in each 
that he may make 3} per cent, on the whole ? 

32. How much 3 per cent, stock has been sold out at 88, if when the 
proceeds are invested in $100 shares at 24, paying 4 per cent , the 
owner's income is reduced by $10 a year ? 
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88. How much 3 per cent, stock has been sold out at 89 if the 
owner's income is increased by $12 a year by investing the proceeds in 
4 per cent, stock at 92 ! 

34. A man derives an income of $760 from money invested in the 
3 per cent. Consols ; he sells out when they are at 93 and buys 3^ jier 
cents, at 95 ; how much is his income increased by the transfer ? 

36. $7800 New Zealand 6 Tier cents, are sold at 104, and the 
proceeds invested in railway shares |>aying 6 per cent ; what is the 
price of the latter if the income derived is increased by $26 ? 

36. A person sells sonic $25 shares in 3 per cents, at 24, and invests 
liis money in 5 percent, debenture at$106§ ; find how much per cent. 
Iiis income is increased. 

37. When the 3 jier cents, are at 89J, at what price would the 3J 
per cents, pay the same rate of interest ? 

88. The difference between the incomes derived from investing a 
certain sum in 4 per cent, stock at 112 J and in2i per cents, at 75 is 
$84 ; find the sum invested. 

39. A man sells 46 $100 shares (4 per cents.) at 18f and invests the 
proceeds in 3i \teT cents., thereby increasing his annual income by $40; 
what was the price of the latter stock ? 

40. 3 per cent, stock bought at 90} is held for 6 months, at the 
end of which time the interest is paid ; it is then sold at the same 
price at which it was bought, find the rate per cent j>er annum of 
interest obtained for the money used (brokerage J). 

41. I invest a certain sum in the 4 per cents, at 102J and after 
receiving a half-year's dividend I sell out at 105|, gaining thereby 
$1036 in all ; what sum did 1 invest (brokerage J) ? 

42. A and B invest each the same sum of money in 3 per cent, 
stock at 91 and 3J i)er cent, stock at 97^, A purchasing; an equal 
amount of each kind of stock, B dividing his money equally between 
the two stocks ; which receives the larger interest ? and if their incomes 
differ by 10 cents, how much money did they invest ? 

43. A man invests $8190 in the 3 per cents, at 90f and sells out 
part of the stock when they have risen to 93f , and the remainder when 
they have fallen to 85^, he lost $30 by the transaction ; how much 
<lid he sell out at first ? He invests the proceeds in 4J per cents, so as 
to cause an increase in his income of $50 ; at what ^?ncc did he buy the 
4^ per cents, (brokerage J) ? 



CHAPTER XVn 

SQUARE ROOT 

205. DEF. The square of a number is the product 
of tuoo factors each equal to the number. 

The square of 2 is 2 x 2, that is, 4 ; the sqiLare of 7 is 7 x 7, that is, 49. 

The square of a number is indicated by a small ' placed 
thus, 2'=2 X 2; 3"= 3x3. 

A small figure used in this way is called an index. 

The cube of a number is the product of three factors 
each equal to the number. 

The cuhe of 5 is 5 x 5 x 5, that is, 125. 

The cube is denoted by the index', thus 

3' = 3 X 3 X 3. 

The fourth, fifth, etc. power of a number is the 
product of four, five, etc. factors each equal to the 
number. 

The square is the second power ; the cuhe is the third power ; the 
numher itself is the first power of the number. 

3*=3x 3x3x3 = 81 ; 3^ = 3. 
The powers of 10 are lO^, 10^, 10', 10*, etc. ; 
that is 10, 100, 1000, 10000, etc. [see Art. 46.*] 

* It will be noticed that when we multiply any power of 10 by another 
power of 10, we ofld the indices ; thus 10* x 10^=10^ 

Let us suppose this rule of addition to be always true ; then 
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206. It is always possible, by multiplication, to find 
any required power of a number. 

Example. 6^=6x5x5 = 125. 

EXAMPLES. CXLV. 

Find the value of the following powers : — 
L 3«. 2. 3*. 8. 3». 4. 2^ 6. 6*. 

6. 7». 7. 8». 8. (21)2. 9. (35)». 10. (21)'. 

Prove the following statements : — 
11. 362 = 2* x3^ 12. 252=5*. 18. 83=29. 

14. 272=93=3«. 15. 8*=4«=16»=2i2. 16. 722 = 2«x 3*=6*x2*. 

207. A number is called the square root of its square. 
2 is the sqimre root of ^ \ 12 is the square root of 144. 

The square root of a number is indicated by the 
symbol J, 

The * sqvAire root q/" 4 is written \/4. 

208. A number is called the cube root of its cube. 
2 is the cube root of 8 ; 12 is the cube root of 1728. 

The * cvbe root 0/ 8 ' is written v/8. 
A number is called the fourth root of its fourth power. 
2 is the fourth root of 16 ; 3 is the fourth root of 81. 
The 'f mirth root <?/ 16 ' is written thus i/{\&). 
Similar definitions apply to fifth root, sixth root, etc. 

EXAMPLES. CXLVI. 

Prove the following statements : — 
1. /y(64) = 4. 2. -y(32) = 2. 3. (-y4)«=8. 

4. 4/(27) = V9 5. {-y(64)}2 = Vl6. 6. { 4^(243) }2=V(81). 

105 X 10^ = 105, or the fact(yr 10^ has no effect; but the factor 1 has no 
effect; so that 100=1. 

Again, 10» x 10-^ = 10* and lO" x xV=10* ; therefore \Qr^=^. 

Similarly 10~2=yV5, and so on. 

This is the reason why 1 is called the zero power of ten ; -^ Mht first 
negative power of ten ; and so on. [Art. 46.] 
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209. The square of a number has either twice as many 
digits as the number, or one less than twice as many. 

For a number less than 1000 and not less than 100 has for its square 
a number less than 1000000 and not less than 10000 ; for example, a 
number of 3 digits has for its square a number of 6 or 5 digits. 

210. In the following list we notice 



number 


1 


2 


3 


4 


5 


6 
36 


7 

49 


8 
64 


9 

81 


square 


1 


4 


9 


16 


25 


cube 


1 


8 


27 


64 


125 


216 


343 


512 


729 



(i) that there is no square number which ends in 2, or in 3, or in 7, 
or in 8 ; 

(ii) that when a number ends in 1, 2, 3, 4, 5, 6, 7, 8, or 9 
its cube ends in 1, 8, 7, 4, 6, 6, 3, 2, or 9. 

211. To find the square root of a given square number 
we proceed as follows : 

I. When the given square number is less than 100, the 
square root is given by the above table. 

n. When the square number is greater than 100 we 
first consider the form of a square number. 

Example i. 78' = (70 + 3) times (70 + 3) 

= 70 times (70 + 3) + 3 times (70 + 3) 
= (70)« + 70x 3 + 3x70 + 32 
= (70)2 + twice70x3 + 3«. 

ExampU ii (850)« = (800)2 + t^ig^ gQO x 50 + (50)*. 

The method of * square root ' is based upon the form 
of the above result; which may be stated thus. The square 
of the sum of two numbers = the square of the first + tvjice the 
product of the first and second + the sq;tiare of tlie second. 

This is the algebraic formula {a + 6)2 = «« + 2db + 6*. 

Just as in long division we subtract products of the divisor, gradu- 
ally diminishing the remainder ; so in square root we subtract the 
squares of numbers, gradually diminishing the remainder. 
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Example I Find the square root of 5329. 



78)53^29( 70 + 3 

4900 

twice 70 + 3)4 29 
4 29 
that is 

7)63^29(73 

4^ "■ 

143)4 29 
4 29 



There are two digits in the answer [Art. 
205] ; hence we mark off the digits in pairs 
from the right 

Now (70)«= 4900 and (80)«= 6400 ; hence 
the required number is between 70 and 80. 

We nave to subtract (70 + some digit)*. 

That is 

(70)' + twice 70 x this digit + {this digi£f. 

We first subtract (70)* ; the remainder is 
429. 

We now have to gutss the other digit ; we shall have to subtract 
twiot 70 X the digits {the digit)^, which is {liO + the digit) x the digit. 

Thus 140 serves as a guide, and the fact that 429 is a little more 
than 3 times 140, suggests tliat the required digit is 3. 

On trial, we find that when (70 + 3)* is subtracted from 5329 there 
is no I'emainder ; hence (73)*= 5329. 

Example ii. Find the square root of 734449. 



800)73^44^49(800 + 50 
64 00 00 



twice 800 + 50)9 44 49 
8 26 00 



There are three digits in the 
answer [Art. 209] ; hence we mark 
off the digits in pairs. 

Now (800)*= 640000 and 
(900)2 = 810000, hence 



119 49 
the required number is less than 800 and greater than 900. 

We begin by subtracting 800* ; then, 50 times (twice 800 + 60) ; these 
together are (800 + 50)'^. The remainder is 11949 ; hence, 

the required number is %6Q + some digit ; we have subtracted (850)*; 
we now have to subtract {twice 850 + some digit) x the digit. 
1700 + 7)11949(850 + 7 \ Twice 860, that is, 1700, serves as a trial 
11949 / divisor, and suggests 7 as the required digit 

Thus, (857)* subtracted from 734449 leaves no remainder. 
The whole process may be an^anged thus : — 



8)73*44*49(857 ^ 

64 

166)9 44 
8 25 


or using the abbreviated r 8)73^44*49(857 
method of subtraction ^ 166)9 44 
[Art 86]. [ 1707)119 49 


707)119 49 

1 19 49 J 


Thus, the square root of 734449 is 857^ 



Note. — The Rule for forming the successive * divisors * is, 
Multiply the answer as far as it has been obtained by 2, and after this 
place the new digit of the answer. 
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EXAMPLES. CXLVII. 

Find the square root of each of the following : — 

1. 729. 

5. 62^«A. 

9. 23409. 

13. 383161. 

17. 12809241. 

21. 322669-4416. 22. 6407*522209. 23. 50136170-8761. 

Find the number having four significant figures whose square is 
nearest to each of the following : — 

24. 6. 25. 10. 26. 7. 27. '1. 28. S. 

29. |. 30. f 31. y. 32. -ISi. 33. 375. 

34. 3-1416. 36. '§4^. 36. 4*61. 37. 1000. 38. 33§. 



2. 


1024. 


3. 


1764. 


4. 


104*. 


6. 


3969. 


7. 


8649. 


8. 


4761. 


10. 


133956. 


11. 


114921. 


12. 


94249. 


14. 


646416. 


16. 


844561. 


16. 


942841. 


18. 


21224449. 


19. 


2819041. 


20. 


82264900. 



On Incombiensurable Numbers. 

212. The quantity indicated by \/2 does exist. 

By Euclid I. 47, the surface of the square described on the side 
opposite the right angle of a light-angled triangle is equal to the sum 
of the surfaces of the two squares described on the other two sides. 

Consider a right-angled triangle having each of two sides 1 ft. long. 

Describe on each of its three sides a square. 

The surface of the largest square = the sum of the surfaces of the 
two smaller squares. 




Thus we have a square whose area — 2 square feet. 
The number of feet in each of the equal sides of this square must 
be such that the square of the number is 2. 

So that the length of each side of this square is ^2 feet. 
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213. A line can be drawn such that the measure of its 
length is the square root of any given number. 

For if we can draw a lin e the measure of whose length is the square 
root of any numb er sa y V3456, we can draw a line the measure of 
whose length is V3467 as foll ows ; — 

Take the line of length V3456 units, draw at its extremity a line 
of length 1 unit at right angles to it ; then the line completing the 
right-angled triangle is V8456 + 1 units long. 

214. The square root of any given number can be 
expressed as a decimal, correct to any required number of 
significant figures. 

Example. Fiiid \J2 correct to 7 significant figures.* 
We perform the process of subtracting from 2-00,000,000,000,000 
the square number nearest to and less than it ; thus 
1 1 2-O0^O O^00^00W0O^OO(l-4142135 
24 1100 
281 1 400 



2824111900 



28282160400 



282841 1 383600 



2828423110075900 



28284265 1 15906310 
17641775 
Hence the difference between (1-4142135)2 and 2 is -00000017641775 ; 
the difference between (1-14142136)2 and 2 is -00000010642469. 
Thus \/2 = 1-414-214 for all practical purposes [Art. 150]. Answer. 

* It will be noticed that when five digits 14142 of the above result 
have been obtained, the next four digits depend only on the remainder 
3836 and the divipor 28282 and are not affected by the additional digits 
to the right of these. 

Hence when five digits in a square root ^lave been obtained four more 
may be found by contracted division, thus 

1|2' (1-4142 

24 j 100 1356 

281 1 406__ 
2824111900 



60400 



3836 

1008 
160 
19 Sq. rt. = 1-41421356. 
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EXAMPLES. CXLVIIL 

1. Prove that \/B lies between 1-7320508 and 1*7320509. 

Find each of the following correct to 5 significant figures : 

2. VIO- 3. Vl + V2. 4. V7j-\/5. 5. V2OO. 
6. Vf. 7. Vf • 3- ^/20. 9. V4840. 

10. V3-14159. 11. \/27l8282. 12. n/-4342945. 13. ^(2^2). 
14. Find the square number having 7 significant figures nearest to 
and greater than 1*196033. 

Example. Find the length of the side and of the diagonal of a sqvjare 
field coiUaining 10 acres. 

10 acres = 48400 sq. yds. The square root of 48400 = 220. 

Hence the length of each side is 220 yds. 

By (Euclid I. 47) the square on the diagonal = the sum oi the 
squares on two of the sides. 

Hence a square one of whose sides is the diagonal contains 
2 X 48400 sq. yds. 

The square root of 2 x 48400 = 220 x the square root of 2 
= 220x1-4142... 

Hence the length of the diagonal is 311/12 + yds.* 

EXAMPLES. CXLIX. 

1. Find the length of the side of a square field containing 1000 
acres. 

2. A rectangular field of 10 acres is twice as long as it is broad ; 
find its length to the nearest tenth of a yard. 

3. The length of a rectangular field of 100 acres is to its breadth 
as 3 is to 2 ; find the length to the nearest yard. 

4. The lenj^h of a rectangular field of 37*25 acres is to its breadth 
as 4 is to 3 ; find the length to the tenth of a foot. 

5. The areas of circles are as the squares on their radii ; the radiujB 
of one circle being 100 ft.", find to the 10th of an inch the radius of 
another circle having twice the area of the first. 

6. Find the radius of a circle enclosing an acre. [See Art 154.] 

7. A square tank 3 ft. deep is to hold 1000 gallons ; find its other 
dimensions. 

8. A round stone . pillar 10 ft. high weighs 20 tons ; find its 
diameter, assuming that stone weighs 195*32 lbs. per cub. ft. 

* Suppose a square to be described, one of whose sides is 1 ft. ; and 
suppose we attempt to measure the diagonal; the example of Art. 210 
tells us that the lengrth of the diagonal is \J2 ft., i.e, 1*41421 35 + feet. 
We cannot express thi.s len.srth with 1 ft. as unit as an exact decimal ; 
at the same time it should be noticed that it is quite impossible to 
measure a line to the degree of accuracy indicated by this expression. 
[Art. 150.] 
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215. There is always some remainder in the process of 
finding \/2 ; hence it is not possible to find a decimal 
number whose square is equal to 2 exactly. 

A number which cannot be exactly expressed as a 
decimal number is said to be incommensiirable with 
decimal numbers ; and is called an incommensurable number. 

Two quantities, whose ratio is an incommensurable 
number, are said to be incommensurable. 

The length of the diagonal and of a side of a square are incom- 
mensurable. 



Cube Root. 

216. The cube of a number contains either thrice as 
many digits, or one less or two less than thrice as many 
digits as the number. 

For the cube of a number less than 1000 and not less than 100 must 
be less than 1000000000 and not less than 1000000 ; so that it must 
contain eitlier 9 or 8 or 7 digits. 

217. To find the cube root of a given cube number we 
proceed as follows : — 

I. When the cube number is less than 1000 its cube 
root is given by \he Table on page 231. 

n. When tba cube number is greater than 1000, we 
first consider the form of the cube of a number expressed 
by two digits. 

Example i. (76)»=(70 + 6) times (70 + 6)« 

= (70 + 6) times {(70)2 + ^^^^ 70 x 6 + 6«} 
= (70)8 + thrice (70)* x 6 + thrice 70 x 6« + 6». 

Example ii. 

(850)» = (800)8 + thrice (800)2 ^ 60 + thrice 800 x (60)2 ^ (50)». 

The method of * cube root ' is based upon the form of 
the above result^ which may be stated thus : — 
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The cube of the sum of two numbers = the cube of the first 
number + thrice the product of the square of the first by the 
second + thrice the product of the first by the square of the 
second + the cube of the third number. 

This is the algebraic formula (a + 6)' = a' + 8a'6 + 806* + 6*. 

EoBamjiU L Fvnd the cube root 0/ 488796. 

7«= 



49)438^76(70 + 6' 
343 
thrice (70)2=14700 
thrice 70x6= 1260 

6«=^ ^36 

15996 



95 976 



95 976 



The digits are marked off in 
threes [Art 216]. 
We observe that 

(70)8=343000, 
and that (80)»= 612000 ; so that 
the required cube is (70+ some 
digit)'. Accordingly we com- 
mence the subtraction of (70 + some digit)' by subtracting (70)*. 

To complete the subtraction of (70 + some digit)' we must also sub- 
tract {thrice (70)* x this digit + thrice 70 x (this digit)* + (this digit)*}, 
that 18, {thrice (70)'+ thrice 70 x this digit + (this digit)*} xthe digit 
Hence our new * divisor * is the above bracket. 

Accordingly we find that three fo'mes (70)* =14700 ; and we judge 
from the size if the remainder that the digit required is 6 : on trial it is 
found to be so. 

Example ii. Fiiid the cube root of 233744896. 
We first mark off the digits in threes^ thus 233744'896, and subtract 
the largest possible cube number as in Example (i) from 233744 ; thus 

6*= 36)233744(61 

216 

thrice (60)*= 10800 

thrice 60 X 1 = 180 

1*= 1 



10981 



17 744 



10981 



We have really subtracted (61 0)*, 
233744896. The remainder is 6763896. 



6 763 
that 



is, (61)»xl000 from 



We must now complete the subtraction of (610 + some digit)* from 
233744896 : thus 



thrice (610)*= 1116300 
thrice 610x6= 10980 

6*=^ 36 

1127316 



6763896(610 + 6 



6763896 



thus (610 + 6)* subtracted from 233744896 leaves no remainder. 
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The whole prooess may be arranged as follows : — 

6«= 36)233744*896(616. Anstoer. 
216 "" 

thrice (60)»= 10800 
thrice 60x1= 180 
1'= 1 



10981 



17744 



10981 



thrice (610)^=1116300 6763896 
thrice 610x6= 10980 i 

6« = 36^1 

1127316 1 6763896 

The Bule for forming the successive * divisors' is: — 
Take (thrice the square of the answer as far a>s it has been 
obtained) x 100 + thrice the product of 10 times the answer by 
the new digit + the (new digit)', 

EXAMPLES. OL. 

Find the cube root of each of the following : — 
1. 1728. 2. 29791. 3. 85184. 4. 631441. 

5. 25239^^. 6. 82312}. 7. 5000211. 8. 5268024. 

9. 38272753 10. 31855013. 11. 15069223. 12. 28372625. 
13. 45-499293. 14. '559476224. 15. 353393-243. 

16. 1647-212741. 17. 21975528-401. 18. 1249939619-648. 

19. 151334-226289. 20. 2222-447625. 21. 49-^96. 

22. -00017646408152900. 23. ^2 to 4 sign. figs. 

24. Prove that the cube root of 3 lies between 1-442 and 1*443. 
Find the cube roots of the following to 3 significant figures : — 
26. 2. 26. -2. 27. -02. 28. 10. 29. 100. 

SO. Find the length of the edge of the cube which contains 1481544 
cubic inches. 

31. The contents of two cubes are respectively 5359-375 and 
5 -359375 cubic inches ; find the difference between the lengths of their 
edges in inches. 

32. A cube contains 11 cubic feet 675 cubic inches ; find the length 
(1) of its edge, (2) of its diagonal. 

33. Find the edge to the nearest inch of a cube which contains 10 
cubic yds. [see Ex. 28]. 

84. The volume of a sphere varies as the cube of its diameter ; find 
the diameter of a sphere which will contain twice as much as a sphere 
10 in. in diameter. 



CHAPTEE XVIII 

SCALES OF NUMERATION AND NOTATION 

218. A scale of numeration, with a given number as 
radix, is a method for the systematic arrangement of 
numbers in groups, in which each group consists of some 
power of the radix. 

Example i. The method of arranging numbers with radix ten is 
explained in Art 7. 

Example ii. Let a number of counters be taken, and let any 
number, say 7, be chosen as radix. 

Let all the counters be arranged in groups of 7 counters each, until 
the remaining number of counters is less than 7. 

Let all the groups of 7 be arranged in sets of 7 groups, each set con- 
taining P counters, until the remaining number of groups is less 
than 7. 

Let all the sets of 7^ be arranged in heaps of 7 sets, each heap con- 
taining 7^ counters, until the remaining number of sets is less than 7. 

And so on, as in Art. 7. 

By the above process the number (of the counters) will have been 
enumerated in the scale of 7. 

219. The scale of ten is called the decimal scale (or the 
denary), the scales of twelve^ eleven, nine, eight, seven, etc., 
are called respectively the duodeciifnal (or duodenary), the 
undenary, the noruiry, the octenary, the septenary, etc., 
scales. 

220. The notation of Art. 12 may be used for any scale 
provided the radix of the scale is clearly indicated. 

Example. Suppose that in Example ii. Art. 218, the successive 
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remainders are 3, 5, 0, 4, aud that finally there are 2 heaps of 7^ 
counters, the number would be 

II scale of 7 
§ Vor > . ' 
® 24053 



a 'a 'a 

« O 0} 

► ► t> 



221. In what follows the radix will be indicated by a 
figure placed above the number. 
7 

Thus, 24063 indicates 2 x 7*+4 x 7*+6 x 7 + 3. 
When no radix is indicated, ^en is to be undei-stood. 
N. B. t and e are used as digits for ten aud eleven^ 
Express 45678 in the scale of 7. 

(ten) 



Process, 7)46678 



7)6525 times 7 + 3 
7)932 times 7* + lx 7 
7)133 times 7» + lx 72 
7)^9 times 7*+ Ox 7» 
2 times 7'* + 5x7* 
eleven 



Thus, 45678 
= 2x7* + 6x7*+lx7' + lx7 + 3 
7 

= 250113. 



Example ii. 
eleven 

t)45678 



Ea^ess 45678 in the scale of ten. 

The work 



t)4t63 times ten + 
t )550" times (t x t) + 3 x t 
t)60 times (txtxt) + 
6 times t* + 6xt* 
eleven 



is similar to the 
above, except that we have to re- 
member that the moving a digit 
one place to the left increases its 
value eleven-fold [see Art. 471; 
thus in the scale of eleven 46 -+t 
= (4 X « + 6)-+t=4 and 9 over. 



Hence, 45678=6 xt* + 6 xt» + 3xt=66030. 



EXAMPLES. OLI. 

Express the following decimal numbers in the scale (i) of 7, (ii) of 
8, (iii) of 2, (iv) of 3, (v) of twelve. [Also arrange by means of 
counters. ] 

1. 1000. 2. 456. 3. 679. 4. 700. 5. 789. 
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Express the following numbers in the scales (i) of ten, (ii) of 6, (iii) 
of 2, (iv) of twelve. 

7 8 2 twelve eleven 

6. 564355. 7. 116100. 8. 11010010. 9. 84000. 10. 8t5212. 

222. In Arts. 43, 44, the methods of Arts. 7 and 12 
are employed to express any part of a unit In a similar 
way we may express any part of a, unit by a radix- 
fraction. The point used in a similar manner to the 
decimal point, is called the radix-point. 

Example. Express | of a unit in the scale of 7. 

We first find how many sevenths of a unit this part (f ) of the unit 
contains. 

^ of a unit contains f x 7 of a seventh ; that is, ^ of a seventh ; 
that is (5-8evenths + ^ of a seventh) of the unit. 

Hence, the first digit to the right of the radix-poini is 6 and the 
remainder is J of a seventh (compare Art. 43). 

We next find how many (f of f ) of the unit this remaining part, \ 
of a seventh, contains. 

i of a seventh contains ^ x 7 of (f of f ) of the unit, 
that is, [1 of (f X f ) + f of (f of f )] of the unit. 

Hence, the second digit to the right is 1 and the remainder is 
i of (f of I) of the unit ; 

f of(f off) = fx7of(f xfx|) = (5+i)of(fxJxf)oftheunit. 

Hence, the third digit is 5. Proceeding in this way we see that 



g ^ ;^ t" 1^ 1^ ^ 

o »♦• X H^- ,^ ;5: ;5: 
'^ x '^ ^ ^ 



i=0- 6 15 15 1 etc. = -M 



223. The process may be abbreviated thus : — 

7 \ 3*0000 etc. is in the scale of 7 ; we say mentally 30 

' — ' — N f divided by 4 is 3 x 7 divided by 4, put down 6 and 

4)3^0000 etc. r carry 1 ; 10 divided by 4 is 1 x 7 divided by 4, put 

'5151 etc. ) down 1 and carry 3 ; and so on. 

224. A radix-fraction is transformed from one scale to 
another as follows : — 

R 
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£x(wiple i. Hxpress '04973 in the scale of 7. 
(ten) 



•04973ofannit 

7 


0*34811 off of a unit 
7 


2-43677 of(fxf) of a unit 
7 


S-05739of(f xfxf)ofaunit 
7 


0-40173 of(f)* of a unit 
7 


2-81211 of (f)» of a unit 
and so on. 



We reduce the number to sevenths, 
and then to (f x f )ths, and so on ; 
compare Example (i), Art. 123. 
\ Hence -04973= ^Oxf + 2x (|)2 

? +3x{f)» + 0x(f)*+2x(f)6 + etc.}, 
7 

that is, -04973= -02302... 



Examiple ii. Express '41036 in the scale of twelve. 



-41036 

(a 

7-05642 

1-31223 

(a 

5^011 

(a 

5-43165 

and so 

on. 



(u stands for twelve ; the process is the same as the above, 
except that the multiplication is in the scale of 7. 

Menially thus : twelve times 6 = 72 = ten sevens + 2 ; 
put down 2, cany ten. Twelve times 3 + ten = 46 = 
6 sevens + 4 ; pnt down 4, carry 6. Twelve times + 6 = 6; 
put down 6. Twelve times 1 = 12= seven + 5 ; put down 5, 
carry 1. Twelve times 4 + 1 = 49 = 7 sevens ; put down 0, 
carry 7. And so on. 

7 twelve 
Therefore, -41036 =-7155. . . 



225. Hence, to reduce a fraction to a radix-fraction 

with a given number as radix, we multiply the fraction 

repeatedly by the given radix and take the whole number 

in each result as a digit in the answer. 

Example. J expressed in the scale of 7 must be a recurring 
radix-fraction ; for the multiplication of J by any power of 7 will not 
produce a whole number. We may notice that in this case the 
number of possible * remainders ' is not greater than 3, so that there 
cannot be more than 3 digits in the period. 



XYiii SCALES OF NOTATION 243 

EXAMPLES. OLIL 

Express as radix-fractions in the scale (i) of ten, (ii) of 7, (iii) of 
twelve, (iv) of 3, 

^1. i. ^ 2. i 8. f. 4. *. 5. H. 

Express as radix-fractions in the scale (i) of 6, (ii) of 8, (iii) of 
eleven, (iv) of 2, 

^6. f 7. f 8. H. 9. H 10. A. 

Express as radix-fractions in the scale (i) of 7, (ii) of 9, (iii) of 
twelve 

11. *25. 12. 5-375. IS, 2123. 14. 4 08726. 15. 'S. 

Express as decimals, and also in the scales of 2 and of 7, 

8 6 2 twelve 

16. -201. 17. -431. 18. -101101. 19. -1946. 

7 . 

20. Prove that -12§4 = ^^ff "^^ . 

6600 

, eleven 

eleven ^ 

21. Prove that ;ilf3r=^^^|^ 

Express as (decimal) vulgar fractions — 

7 8 twelve 

22. 401 -366^ 23. 571-047. 24. 4-50l0d. 
Prove the following : — 

7 7 eleven eleven 

26. -0346 =-036. 26. 4 '70^ =4 -71. 

In what scales (from 2 to twelve) can the following fractions be 
expressed in (i) a recurring, (ii) a terminating form ? 

27. i. 28. f 29. f SO. A- 31. j\. 

32. A. 33. A. 84. ^, 36. A^. 36. H. 

226. The decimal system of numeration was in use 
among the Egyptians, Greeks, and Romans long before 
tlie notatixmy which is based on the idea of locality ^ was 
invented. Thus, the notation of Art. 12 is comparatively 
a modern invention ; it is an improvement of that used by 
the later Greeks, and was invented by the Hindoos. * 

* See Principles of Arithmetic^ by Homersham Cox, Cambridge, 1886. 
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227. The Roman notation (derived from the Egyptian 

Hieroglyphics) is obsolete for the purposes of calculation^ 

but is still often used in other ways. 

For example, in the present work, Roman numerals are used to 
number the sets of Examples. 

The principal symbols of the Roman Notation are 

1 = 1, V=6, X = 10, L=50, C=100, D = 600, M = 1000. 

When a line is drawn over any one of these symbols its value is 
increased a thousandfold ; thus X = 10000, M = 1000000. 

The chief rules are, (i) each symbol when it is on the right of one 
of higher value adds its own value to the number indicated ; 

(ii) each symbol when it is on the left of one of higher value 
subtracts its own value from the number indicated. 

Examples. 1886 = MDCCCLXXXVI. 
3044599 = MMMXLl VDXCIX. 

EXAMPLES FOB EXEBCISR CLIII. 

1. State in words the value of the figures 1000300500. 

2. Find the cost of 759 articles costing $6.77 each. 

3. Two sorts of tea cost respectively $22.25 and $24.75 per cwt., 
find the difference in price per lb. 

4. Find the L.O.M. of 16, 18, 24, 30, 15, 12. 

5. Multiply 17 yds. 1 ft. llf in. by 84. 

6. From 16,V take llHi. 

7. Express 3 tons 2 cwts. 87 lbs. 8 oz. as the fraction of 5) tons. 

8. Reauce 6 yds. 4) in. to the decimal of 200 yds. 

9. Find the value of 1 '125 of 2 tons 13 cwts. 50 lbs. 

10. Find the area of the walls of a room 16 ft. 8 in. long, 14 ft 
broad, 12 ft. high ; express the answer in yards. 

11. Reduce gVoVs to its lowest terms. 

12. Find the value of 6J + 11 A + 4^ + A- 

13. Simplify ^^^ 

14. Find the value of H of $6 + 1 of $12. 60 - 1 of 99c. 

15. What fracition multiplied by 16^ will produce 3^ ? 

16. Reduce Vrr to a decimal ; and '00028 to a vulgar fraction. 

17. Multiply 3*125 by 6-12. 

18. Divide '0117 by 4*16. 

19. Find the value of 1 31875 of 10 tons. 

20. A man's income is $2964.50, and his daily expenditure is $6. 30 : 
how much did he save in 1885, when he had to pay a tax of $1 in $30 ! 
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21. Multiply 364612 by 8602. 

22. Reduce 800000 inches to miles. 

23. If 178 cwts. 87 lbs. 8 oz. be divided into 53 equal parts, find 
the weight of one such part 

24. Reduce to lowest terms ^f^, ^f^, 

25. Add together 6f, 4^, H, 2^y. 

26. Simplify ^^|. 

27. Multiply 3 days 15 hrs. 47 min. 30 sees, by 2f. 

28. Multiply 006134 by 80*032, and divide the result by "0032. 

29. Find the value of '07 of 2 tons 10 cwts. 

SO. If a person travelling 12 houra a day can perform a journey in 
24 days, in how many days could he perform the same journey, sup- 
posing he travelled 16 hours a day ? 



31. How many quarter inches are there in 1262 yds. SJ in. ? 

32. Reduce 78160 shillings to half-crowns. 

33. Find the L.C.M. of 2, 3, 4, 5, 6, 7, 8, 12, 44, 132. 

34. Multiply 2^ by 5^ ; and divide 3^ by 4. 

85. Simplify 4J of 1t^ of ^^ + 3i + 24 of IJ. 

86. Reduce 15 yds. 1 ft. 5} in. to a fraction of 32 yds. 3 in. 

87. Explain the meaning of the symbols 500, '5, '0005. 

88. Find the sum and the difference of '79864 and 801. 

39. Reduce i gVo o o^ * y®*r to the decimal of a day. 

40. A field is 121 yards long, 86 yards broad : find its value at 
$400 an acre. 

41. Reduce 50 tons 4 cwts. 54 lbs. 2 oz. to oz. 

42. Find the area of a room 12 yds. 2 ft. 3 in. long by 8 yds. 1 ft 
4 in. broad. 

48. Reduce to lowest terms f f}|^ and HH. 

44. Subtract 31 A from 89^. 

46. Express 2 cwts. 89 lbs. as a fraction of 17 cwts. 34 lbs. 

46. Divide 1 day 19 hrs. 37? min. by 21. 

47. Divide 1724 by '032, and 7 by 87 '5. 

48. Reduce 3 tons 8 cwt 25 lbs. to the decimal of 6 tons. 

49. If 7 men take 4 days to mow a field of 6 a. 1 rood, how long 
would 8 men take to do the same ? 

50. In a mile race A gives J5 100 yards start, and beats him by 
20 yards. If ^ can run the mile in 5 min. 8 sees., how long did A 
take? 
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51. Divide 300 tons of coal equally among 168 people. 

52. Find the L.C.M. of 12, 21, 33, 28, 14, 11. 

53. Add together 2§, 13/,, 4^, 21^- 

.^ a- If SgoflA 

54. Simplify -|^^g|?. 

55. Multiply 89 yds. ft. 7§ in. by 12f 

56. A man gave f of his money to a beggar and had 88c. left, how 
much had he at first ? 

57. Retluce *072 to a vulgar' fraction in lowest terms ; ^4i to a 
decimal fraction. 

58. Find the value of 7 '4453125 of 8 days. 

59. If 7 men mow 5^ acres in a certain time, how much will 16 
men mow ? 

60. How many half-crowns are equal to a thousand half-guineas ? 

61. Reduce 7 tons 13 cwts. 62 lbs. 8 oz. to ounces. 

62. How many half-guineas are there in £3003 ? 

63. Find the area of a field 102 yds. 2 ft. 6 in. long and 21 yds. 
1 ft. 3 in. wide. 

64. Reduce to lowest terms ^^-^ and fff. 

65. Add together IH, 2H, 5^, A- 

66. Express 14 yds. 2 ft. 3J in. as a fraction of 8 yds. 2 ft ) in. 

67. Find the value of § of $2.52 + 1 of $6.48 - A of 88c. 

68. Multiply 32*52 by 31*5 ; and divide 20349*48 by '276. 

69. Reduce 5 yds. 2 ft. 7i in. to the decimal of 66 yds. 2 ft 

70. If a man earns $3.36 a week, how much a year has he to live 
upon after paying $1.80 a month for rent ? (Reckoning 12 months or 
52 weeks to the year. ) 



71. Find the cost of 367 things at $23.34 each. 

72. Divide 61 days 1.6 hours by 4 hours. 

73. Find the l.c.m. of 18, 27, 36, 40, 45, 50. 

74. Simplify ^ of 4i of A of 4f of 3^. 

75. Subtract 2^ from 4^. 

76. Divide 11 tons 12 cwts. 50 lbs. by x®,. 

77. A man went ^ of a journey by train, | of the remainder by 
coach, and walked the last 3 miles : how long was the journey ? 

78. Reduce ^ to decimals ; and -8725 to a vulgar fraction. 
79- Find the value of 3*125 of 1 week 4 days 16 hours. 

80. If the carriage of 13 cwts. 68 lbs. 12 oz. costs £3. 195. Irf., Xfrhat 
will the carriage of 3 cwts. 37 lbs. 8 oz. cost for the same distance ? 
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81. Reduce 6 tons 4 cwts. 51 lbs. to pounds. 

82. A certain sum of money was divided among 162 people, and 
the}^ each received $11.19 : what was the sum ? 

83. Find the L.C.M. of 16, 18, 24, 30, 15, 12. 

84. Multiply 17 tons 98 lbs. 9f oz. by 84. 
86. From IS^V take lli§f 

86. £.^press 3 tons 2 cwts. 87 lbs. 8 oz. as the fraction of 3^ tons. 

87. Reduce ^^Vr ^o & decimal. 

88. Divide '002 by '0125. 

89. Reduce 2 tons 12 cwts. 25 lbs. to the decimal of 5 tons. 

90. A man spends $132 eveiy 30 days, and his yearly income is 
$2000 : how much does he save in a year ? 

91. Reduce 176285 inches to yds. ft. in. 

92. A room has each of its sides 10 yds. 2 ft. long : what is its 
area? 

93. Reduce yWWV ^^ ^^ lowest terms. 

94. Find the value of 6J + l^V + ^A " A- 

.». Simplify ^Jf^« 

96. Find the value of H of $300 + f of $189 - 1 of $20.25. 

97. What fraction multiplied by 13^ will produce 4-^ ? 

98. Multiply 40-12 by 42 01. 

99. Find the value of 7*4453125 of 10 tons. 

100. If 5 yards of cloth cost $5.25, what is the cost of 365 yards ! 



101. Write in words the number 2071003601. 

102. Divide 3455 yds. 1 ft. 5 in. by 91. Can this be done in more 
than one way ? 

103. Find the area of a room 18 ft. 9 in. by 16 ft. 8 in. Find the 
length of an equally large room whose breadth is 12 ft. 6 in. 

104. Reduce fJMf to its lowest terms. 

105. Arrange f , ^, U, f^ in order of magnitude. 

106. Divide 2| of 1^+t^ of 2f by 2i of Ij^ - yV of 2 J. 

107. Find the value of 1^ of $6 + A of $468.35 - 12i of 75c. 

108. Reduce '0288 to a vulgar fraction in lowest terms ; and yVVo 
to a decimal fraction. 

109. Find the value of 2*890625 of £6. 

110. In the number 1023*045 how many times greater value has the 
2. than the 4 ? how many times less the 5 than the 1 ? and what is the 
difference in value between the two O's ? 
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111. Reduce 31 lbs. 9 oz. 15 dwts. 21 grs. to grains ; and ten 
thoasiind and fifty-seven ounces to cwts. 

112. If 5 lbs. 7 oz. of tea cost $3.54, what will 29 lbs. cost ? 
118. Find the L.C.M. of 12, 15, 20, 24, 30, and 40. 

114. Divide 163 yds. 2 ft 8f in. by 28. 

115. Find the value of 2^ + 3f + 7| + 8 + 1^. 

116. Reduce 7 cwts. 84 lbs. 6 oz. to the fraction of 2^ tons. 

117. A man left his son one-third of his property, each of his three 
'laughters one-seventh, and the remaining $2500 he left in legacies and 
charity : what was his whole property worth ? 

118. Divide 312-8 by '64 and 3375 by 13-5. 

119. Reduce 14 yds. 1 ft. 1^ in. to the decimal fraction of 100 yds. 

120. Divide $350 among 26 men so as to give one of them $25 more 
than each of the others. 

121. Reduce 14 lbs. 5 oz. 17 dwts. to grains. 

122. Multiply 33 tons 15 cwts. 68 lbs. 12 oz. by 15. 

123. Reduce to its lowest terms Hxf . 

124. Simplify 3f of l^x - ^ of 2f . 

m. Simplify J-t^l^J. 

126. Reduce 2 fur. 97 yds. 1 ft. to the fraction of 1 m. 439 yds. 

127. Add together 5 314, 20*1, '336 ; subtract the result from 30. 

128. Multiply 7*28 by '105 ; and divide 12 by 4*8. 

129. Reduce 4 hrs. 48 min. to the decimal of 6 hours. 

130. One man takes 120 steps a minute, each 30 inches long ; 
another walks 3^ miles an hour : if they start together, how soon will 
one of them be 100 yards ahead of the other ? 

131. Divide 46 cwts. 92 lbs. by 23. 

132. A room is 19 ft. 6 in. long and 6 yds. ft. 8 in. wide : find 
the area of its floor. 

133. Find the L.C.M. of 16, 18, 24, 28, 42. 

134. Divide 17 tons 6 cwte. 87 lbs. 8 oz. by 3|. 
136. Simplify I2f - 4^ + 2^ - H- 

136. Find the value of f of $7.20 + A of $3.96 + ^ of 66c. 

137. A boy spent f of his money on pictures and f on eatables, and 
'lad 24c. left : what had he at first ? 

138. Reduce | to a decimal ; and 4*0128 to a vulgar fraction in its 
lowest terms. 

139. Find the value of 12-75 of 21 yds. 1 ft. 5 in. 

140. If 50 yards of silk cost $43.75, how many yards may be bought 
for $17. 50 ? . 
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141. Subtract five thousand and four from one bundled and twenty 
thousand ; and give tbe answer in words. 

142. Multiply 5 weeks 2 days 28 hours by 205. 

^8 ^V ™*^^ ^^^^ ^^^ ^^ ^^^ should be given in exchange 

144. Reduce to its lowest terms fIfJJI. 

145. Subtract 3f from 6A- 

146. Find the value of 3 tons 14 cwts. 70 lbs, divided by 2^. 
..}f''''M ^ division sum the dividend is 186964 ; the quotient is 
3604 : hnd the remainder and the divisor. 

148. Add together -0012, 5721, 13-04, and 12. 

149. Multiply 8-16 by 4-6875: (i) by decimals; (ii) by vulgar 
fi-actions, reducing the result to a decimal. 

150. Find the value of 3 -678125 of 12 tons. 

151. Reduce 120573 lbs. to tons. 

152. Find the area of the floor of a room 17 yds. 2 ft. lonir and 3 
yds. 1 ft. wide. 

153. Find the L.C.M. of 14, 21, 24, 30, 42. 

154. Add together A, A, 8^, 4^. 

155. Simplify 2^ of 3|^ of ^ + 3) of f x 3^+ lOf . 

156. Reduce 3 cwts. 56 lbs. 4 oz. to a fraction of 8 tons. 

157. Reduce '018125 to a vulgar fraction in lowest terms. 

158. Subtract 8*0808 from 80*808. 

159. Divide *066625 by 5*33. 

160. If $15.86 be charged for digging 61 poles of ground, what will 
be charged for digging 101 poles ? 

161. Multiply 10 sq. yds. 4 sq. ft. 76 sq. in. by 132. 

162. Reduce to its lowest terms IffJfJ* 

163. Simplify -J|^. 

164. Multiply 78*67 by -2018. 

165. Find the value of 7*125 of $17.50. 

166. What will it cost to pave a court 146 ft. 9 in. long and 88 ft. 
9 in. broad at 22ic. per square yard ? 

167. Find the Compound Interest on $15,000 for 3 years at 44 per 
cent. 

168. A battalion of 1921 men is to be raised from four towns in 
proportion to their populations. Find the number of men raised 
from each if their inhabitants number 4150, 12450, 24900, and 29050 
respectively. 
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169. Divide 423840 tons 6 cwts. 62 lbs. 8 oz. by 651. 

170. Simplify 3^^ + 2f - 3| + 6^ + lOf 

171. Divide 92 yds. 1 ft. 8^ in. by 2^. 

172. Divide 344472101 by 7 01. 

173. A man left his eldest son one-fourth of his property ; to each 
of his two other sons one-sixth ; and to each of his three (laughters 
one-ninth : the remaining $2400 he left in legacies. What was the 
whole amount of his property ? 

174. Find the amount of $1427 in 6 years at 3i per cent. Simple 
Interest. 

176. If 3 cwts. cost $26.25, what is the cost of 7 cwts. 62i lbs. ? (to 
the nearest cent). 

176. If 2 horses can be kept 5 months for $128.30, how much will 
it cost to keep 3 horses for 11 months ? 



177. Reduce 56721394 ounces to tons. 

178. Simplify 4^ -f 5J - 6| + 1 J. 

179. Reduce iV ^^ ^ cwts. 25 lbs. to the fraction of 5 cwts. 62) lbs. 

180. Divide 3-333651 by 61*7 ; and -OSsI by 1*2. 

181. Find the value of 1 -875 of $76 - 3f of $36*75. 

182. If a debtor can pay only $168 out of a bill of $560, how much 
does he pay in $240 ? 

183. Find the Compound Interest upon $5500 at 4 per cent, for 2) 
years. 

184. Find the area of a square room whose side is 19 J ft long. 



186. Find the value of 11§ x 5f x 4J of ^, 

186. Reduce to a simple fraction ^- -°^tM of lA. 

2f l^V 

187. Multiply -0391 by 4-006 ; and -00002 by -0000431. 

188. Add up -oS, 5-17^, 6-§4S, and ll'7§42l, making the answer 
correct to 7 places of decimals. 

189. Divide 168 tons 18 cwts. 37 lbs. 8 oz. by 546. 

190. Find the amount at Simple Interest upon $6376 for 4J years 
at 3 per cent. 

191. If the carriage of 130 lbs. for 90 miles cost $2.10, how much 
can be carried 240 miles for $5.60 ? 

192. A father left his eldest son one-fourth of his property, and 
each of his three other sons one-fifth ; the remaining $6000 he left in 
legacies : what was his whole property worth ? 
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193. Reduce 123456 square feet to acres. 

194. Simplify (2^ + lj)-r-(2i-l J). 

196. What part of $84 is $69.10 ? Express tlie result as a decimal 

196. Multiply 6*012 by '0612. Divide '0842 by '00125. 

197. Find the value of '00625 of 7 tons 4 cwts. 

198. If a printer sets up 8500 letters a day, and is paid lie. for 
every 1000, how long will he take to earn $16.83 ? 

199. If 142 lbs. of salt cost $17.75, what will be the cost of 30 lbs. ? 

200. Find the Simple Interest on $333750 for 5 years at 3^ per 
cent. 

201. Simplify 2 J + 3 J - 4 J + 5 + i of 6i. 

202. Divide 4 weeks 4 days 16 hours by 5f. 

203. Reduce | to a decimal, and test your result by bringing it to a 
vulgar fraction. 

204. Find the value of 1 '5625 of 7 cwts. 

206. If the rent of land in London be $112.75 per square yard, what 
is the rent per acre ? 

206. If when labour is paid at the rate of 18 cents an hour the cost 
of building a house be $1866.24, what would be the cost if labour were 
paid at 16 cents an hour ? Also find how long a gang of 32 men 
working 9 hours a day would take in building it. 

207. Find the Compound Interest on $7500 for 3 years at 4 per 
cent. 

208. If on an average A make 5 runs to ^'s 2, and B make 2 runs 
to (T's 3 during the season, find how many runs they make respectively 
of a total of 760 runs. 



209. A room is 20 ft 3 in. long and 16 ft. 8 in. wide^ find the area 
of its floor. 

210. Add together 3i, 2^, If, «, and 4,2;^. 

211. Simplify i of 2f + 1^ of i of 21 - 1|. 

212. Bring 15 '375 and 2'38S to vulgar fractions. 
218. Divide 75 '62 by '064 ; and '9S by 'l5f. 

214. If 6 men can dig a trench 34 yards long in 10 days, how many 
yards can 20 men dig in 15 days ? 

216. Find the Compound Interest upon $3750 at 3 per cent, for 3 
yeai-s. 

216. Divide $1347.50 among A, B, and C, so that A shall have five 
times as much as B^ and B eight times as much as C. 
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517. Reduce 56789 ounces to cwts. 

518. Divide 15 tons 8 cwts. 80 lbs. by 5^. 

SaO. Divide 9*001728 by 14*4, and divide 1 by 500. 

Sai. Find the area of a table 9 ft. 9 in. long, 2 ft. 7 in. broad. 

222. The highest score in an innings was ^ of the total, and the 
next highest was | of the remainder. These two scores differed by 8 
runs. What was the total ? 

223. If the distances of Venus and the Earth from the Sun be in 
the proportion of 7 to 10, and the Earth's distance from the Sun be 
91,500,000 miles, find that of Venus. 

224. Find the Compound Interest on $20000 for -3 years at 6 per 
cent 

225. Add together U, 2A, 3H, A- 

226. Reduce 5 J of 4 yds. 1 ft. to the fraction of 2 yds. 2 ft. 6 in. 

227. Express ^ as a decimal, also '36 and 3'6SS as vulgar fractions. 

228. Find the difference between ^V of $4.50, and '0625 of $21, and 
express $1.02 as a decimal of $32.64. 

229. Find the rent of 15 a. 138 p. at $16.24 per acre. 

280. If a man go from London to Edinburgh (400 miles) in 16 days, 
walking 8 hours a day, how many hours a day must he walk to perform 
a distance of 1125 miles in 60 days ? 

281. Find the Simple Interest on $7541.25 for 5 years at 4 per cent. 

282. Divide $1277.50 among three persons, in the proportion of 
12, 15, and 23. 

283. Add together 3}, 4^, 7i, and -f^, and subtract 14f|- from the 
result. 

284. Reduce g of 7 yds. 1 ft. 6 in. to the fraction of 6 yds. 1 ft. 
8J in. 

286. Reduce 4 J and lltV to decimals. 

236. Multiply '024 by 2*5, and divide 6 by -125. 

237. Reduce 62 lbs. 6 oz. to the decimal of 2 cwt. 

238. If the carriage of 25 tons for a certain distance cost $21.75, 
how much will be charged for the carriage of 37 tons for the same 
distance ? 

239. Find the Simple Interest and amount on $6243 for 5 years at 
3J per cent. 

240. Find the area of a floor 33 ft. 2 in. long and 18 ft broad. 
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«!. Simplify ?i+|^. 



242. Multiply $44.25 by 2), and divide the result by 17^* 

243. Reduce 1*175 and 4'l6 to vulgar fractions in lowest terms. 

244. Find the value of 2-3125 of $8.50. 

245. Divide 2960 tons 10 cwts. 12J lbs. by 249. 

246. If 8 men can mow 56 acres of wheat in 14 days, how many 
acres can 9 men mow in 15 days ? 

247. Find the Comp. Interest on $8400 for 8 years at 5 per cent. 

248. The wages of 2 men, 4 women, and 6 children amount in 6 
days to $77.04 ; find how much the men receive per day if each person 
shares equally with the rest. 

249. Reduce £1517. ISs. 7id, to farthings. 

251. Reduce | * to a simple decimal. 

252. Add together 9*25, 11 '0§, and '0016, and reduce the result to 
a vulgar fraction. 

258. Find the value of '375 of $21 + -54 of $8.26 + 'OSf of $66 - '776 
of $5. 

254. The rent of 286 a. 144 p. is $3586.26 ; of how many acres of 
the same land is the rent $3443.75 ? 

255. If 30 tons can be carried 10 miles for $18.76, how far ought 
27 tons to be carried for $18 ? 

256. Three-fifths of the income ($600) of a certain hospital is to be 
divided equally among three persons, the rest in proportion to their 
days of residence. Tne first resided 361 days, the second 312 days, 
and the third 273 days ; how much will each receive ? 

257. Multiply together 4^, 7J, H , if, and l|f . 

258. What fraction of 66 yds. 2 ft. is ii of 6 yds. 4 in. ? 

259. Multiply '000116 by 1'25 ; and divide 738'9627l by -07. 

260. Find the value of 1} of a ton + f of a cwt +)i of 26 lbs., and 
reduce the result to the decimal of 10 tons. 

261. Find the value of 65 things at $12.43 each. 

262. Find the amount of $1676 at 5^ per cent. Simple Interest, 
for 4§ years. 

268. Find the Compound Interest on $15625 for 8 years at 6 per 
cent. 

264. Find the cost of 2 cub. yds. 8 cub. ft. 120 cub. in. at $7.60 
per cub. ft. _ 
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565. Reduce 721035 crowns to guineas. 

566. Add together If, Sf, 5f, 2^, 1 A, and J^. 
267. Divide 5 yds. 2 ft. 9| in. by 2J. 

S69. Express 2 cwts. 31 lbs. 4 oz. as a decimal of 1 ton. 

S69. Multiply 4*126 by 8'l45>, and give the answer in decimals. 

970. Find the Simple Interest on $1613 for 4 yi*s. at 3 per cent 

271. A man leaving his property by will to his three sons, left a 
third of it and $1000 to the eldest ; a half of the remainder and $1000 
to the second ; and the rest to the third, who found that his share 
amounted to $2600 ; what was the total value of the property ? 

S72. Four men are employed to reap a field, and, after working 5 
days, they have cut 10 acres ; 2 more men are then put on, who work 
at the same rate, and the whole is finished in 3 more days. How 
many acres are there in the field ? 

273. Find the time of walking 18 miles 4 furlongs 219 yards at the 
rate of 1 mile in 14} minutes. 

274. What fraction of 30 wks. 6 days 8 hrs. is 11 wks. 4 days 3 hrs. I 

275. Divide 3-2121 by 49-8. 

270. Find the value of 3-826 of $37.60. 

277. Express T-f^ and 7^ as decimals, and subtract one result from 
the other. 

278. Find the Compound Interest on $62600 for 3 years at 4 per 
cent. 

279. If 100 men do half of a certain piece of work in ^th of a year, 
how many will it take to do two-thirds of the remainder in ^th of a 
year? 

280. A bankrupt owes \ of his debts to A^ and \ to -B, and to his 
other creditors in all $160 less than to A and B together ; what is his 
total debt ? _^ 

281. Add together 6,^ + 61f + 10^^^. 

282. Find the time of emptying a tank of 100,000 gallons at the 
rate of 1| pints in 37 seconds. 

283. Multiply 13 days 6 hrs. 43 mins. by ^, 
. 284. Divide 2*46 by -0784. 

285. Find the value of 14*1876 of $16.64. 

286. Find the value of 36 cwts. 37i lbs. at $12.40 per cwt. 

287. If I can walk a certain distance in 114 days when I rest 9 
hours each day, how long will it take me to walk twice as far if I walk 
twice as fast and rest twice as long each day ? 

288. After paying a tax of $1 m $40 on his income, and spending 
f of the remamder, and lending a friend $240, a man has *1 of his 
income left ; what was his income ? 
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289. Find the quotient and the remainder when 72 a. is divided by 
8 a. 147 p. 

m Divide ^^J^^^^g^^^ by 4t. 

291. Reduce ^ir ^^^ l^^M ^ decimals. 

292. Reduce 12 days 23 hours 40 minutes to the decimal of 15 days 
14 hours. 

293. Multiply 2'80S by 9'lS, and give the answer as a decimal. 

294. Find the amount at Compound Interest of $125 x 25 x 25 for 
3 years at 4 per cent. 

296. Find the cubic content of a vessel 111 yds. 4 in. long, 55 yds. 
2 ft. 3 in. broad, 27 yds. 2 ft. 5 in. high. 

296. Coals travel by canal at the rate of 1 mile in 21g min. , by 
road 3 times as fast, by rail 9 times as fast ; they go 4^ hours by canal, 
16 J by road, and 10^ by rail ; how far are they carried ? 



297. Find the o.c.M. and the L.C.M. of 3432 and 3575. 

298. Reduce 280436 cubic inches to cubic yards. 

299. Find the value of g of $8. 40 + f of $8 + f of $1. 

300. Multiply 6*04 by '35 ; and divide 131*95 by 4-375. 

301. Add together £032, 2*355., and 6'i2d., and subtract *35 of 
2s. 6d. from the result. 

302. Find the Simple Int. upon $1875 for 12J years at 3| per cent. 

303. A room is 15 ft long, 12 ft. broad, and 9 ft. 9 in. high. Find 
the cost of painting the walls at 60c. per sq. yard. 

304. Find tlie side of the largest square tile with which a court S3 
yds. 1 ft. 7 in. long and 20 yds. 11 in. broad can be paved. 



305. Multiply 3 mi. 372 yds. 2 ft 5 in. by 7^. 

306. Subtract 1^ of 5^ from 25J. 

307.. Reduce 12 wks. 5 days 19 hrs. to the fraction of 45 wks. 2 days 
18^ hrs., and express the fraction in its lowest terms. 

308. Express the difference between '25 and *025 as a vulgar 
fraction. 

309. Reduce 26^^ to a decimal ; and •0085 to a vulgar fraction. 

310. What is the length of the side of a square garden whose area 
is 66 poles 28 sq. yds. 4^ sq. feet ? 

311. Find the Com p. Int upon $3906.25 for 3 years at 4 per cent. 

312. Two men do half a piece of work in 5 days, and then one 
alone finishes it in 8 days more. How long would the other man alone 
take to do the whole work ? 
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818. Find the Least Common Multiple of 21, 95, 99. 133, 154. 
814. Divide 642 yds. 2 ft. 5J in. by 2^. 

.15. Simplify |i^J + 7i 

816. Reduce ^.^ and |^ to decimals. 

817. Multiply -000431 by 87-2. Divide -0002992 by '0187. 

818. If 336 bushels of wheat cost |336, what will 616 bushels cost 
when the price of wheat has risen 4 cents per bushel ? 

819. Find the interest, and the discount, for 8 months on $21630 at 
4J per cent, per annum. 

820. A starts business with a capital of $8000, and after six months 
admits a partner B with a capital of $7000. The profits at the end of 
the year are $943 : what is the share of each ? 



821. Reduce ten million pounds to long tons. 

822. Simplify 34 + 1 of ^^r - 2i. 

823. Reduce 3 cwts. 43 lbs. 12 oz. to the fraction of 2 cwts. 62 lbs. 
8 oz. 

324. Express as vulgar fractions, in their lowest terms, -001625 
and •9S1. 

326. If a pace is 2 ft. 7 in., reduce forty thousand paces to miles. 

826. Find the square root of 117094041. 

827. A lawn, which is twice as long as it is broad, contains 840^ 
square yards of grass. Find its length and breadth. 

828. A person transfers $16,500 stock from the 3 per cents, at 90 to 
the 3i per cents, at 99 : find the change in his income. 



329. Divide 10 cwts. 97 lbs. 9f oz. by 13. 

880. How many cubic feet of air are there in a room 8 yards long, 
5 J yards broad, and 10 ft. 5 in. high ? 

331. Simplify f of 2f + f off of 6 -hi A. • 

382. Reduce 4 of 7 yds. 1 ft. 7 in. to the fraction of 3 yds. 1 ft 6 in. 

383. From 3*1 subtract '469. Multiply 23*041 by -01036. Divide 
•00001 by -32. 

884. Find the Simple Interest on $13312.50 for 6 years at 3J per 
cent. 

335. An explorer accomplishes a journey of 160 miles in 3 days, 
travelling 11 hours a day ; in how many days would he accomplish 
2000 miles, travelling 15 hours a day ? 

336. $59118 is left to three legatees in the proportion of i, J, and }. 
"What does each receive ? 
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337. Find the o.c.M. and the L.C.M. of 273 and 4131. 

838. Simplify I^J. 

339. Express as vulgar fractions in lowest terms, '00345 and 2*07§. 
840. Find the value of 3*4125 of $201.60. 

341. Find the value of 16 tons 12 cwts. 81 lbs. 4 oz. at $171. 52 per ton. 

342. To what will $16000 amount at the end of three years, allow- 
ing Compound Interest at 2J per cent, per annum ? 

343. A tradesman receives $625 for goods which cost him $480 five 
months ago. What rate of profit does he make per cent, per annum ? 

344. If 112 lbs. of copper be drawn in 1 mile of wire, find the area 
of a section, copper being 8*96 times as heavy as water, and 1 cubic 
foot of water weighing 1000 oz. Avoirdupois. 



346. A man walks 20 miles in 5 hrs. 20 minutes ; how many yards 
does he walk each hour ? 

346. Multiply 240 yds. 2 ft. 7^32 in. by 81. 

347. Add together S^^, I of 6}, ^Vv, and ^\, 

348. Reduce 2^ of 5 wks. 4 days 2 hrs. to the fraction of 33 wks. 
3 days 12 hrs. 

349. Find the value of '016 + 4-0808 - 'OM + 50*1 - '1966. 

350. Express as a vulgar fraction in its lowest teims "03^8145?. 

351. How many yards of carpet 25 inches wide are required for a 
floor 22 ft. 6 in. long and 16 ft. 3 in. broad ? 

352. A tradesman makes 35 per cent, profit on his outlay ; what did 
he pay for goods which he sells at $315 ? 



353. Divide 6 yds. 1 ft. 10 in. by 5J. 

354. Find the ditference between 4 tons 6 cwts. 283^1bs. and 5 tons 
4 cwts. 6^ lbs. 

355. Find the continued product of 3 125, '016, 012, and 80. 

856. Simplify j-|£^. 

857. If 33 bus. of corn cost $46.09, what will 75 cost ? 

358. Find the amount at Simple Interest upon $5074.50 for 2} 
years at 4 per cent 

359. Find the cost of 54 tons 10 cwts. 62 lbs. at $45 per ton. 

360. A man has £25. 1 7^. Qd. , consisting of sovereigns, half-crowns, 
and shillings in the proportion 1, 3, 7. How many has he of each 
coin ? 

S 
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861. Simplify 4^ of 7^ + If -5-2f + 2} of 11. 

862. The proprietor of d| shares of a mine receives every year 
$205.76 as interest; what income is derived from holding 15^ shares 
in the mine ? 

868. Find the value of '46875 of $30.72+ -245 of $16.60. 
864. Find the value of 5 OSS + 17 -36593 - 12 -437. 

866. A walks 2^ miles in 40 minutes, taking exactly a yard each 
step ; in what time will B walk 4f miles when his stride is 40 inches 
and he takes only 21 steps wliile A takes 22 ? 

366. Find the present worth of $370607.60 due in 4} years at 4 x)er 
cent 

867. By selling wine at $4.18 per gallon, a merchant loses 6 per 
cent, on his outlay : what price per gallon should he charge so as to 
gain 15 per cent. ? 



368. Reduce 188 wks. 4 days 9 hrs. to the fraction of 251 wks. 
3 days 12 hours. 

869. Divide 630 weeks 5 days 4 hrs. 1 min. by 6^. 

...« a- Tf •04478256-r-5-48 

870. Simphfy _-g_^,^^_. 

371. Find the weight of 783 things at 14 cwts. 48 lbs. 12 oz. each, 
by Practice. 

872. What decimal of 15 tons 12 cwts. 60 lbs. is 7 tons 17 cwts. 
60 lbs. ? 

878. A certain box is 3 ft. 6 in. long, 2 ft. 3 in. wide, and I ft. 4 in. 
hicrh, find (i) the contents of the box, (ii) the cost of covering both 
ends with velvet at 14c. per square foot. 

874. A can do a certain piece of work alone in 72 days, B in 96, 
C in 120. C begins alone for the first day, then A and ^ join in and 
all three work for 12 days, after which A leaves oflf : in how many more 
days will B and C finish it ? 



875. Add together 2|, 6^, 12^, 9H, AV- 

876. Find the value of 3 tons 1 cwt. 93 lbs. 12 oz. at $149.32 
a cwt. 

877. Multiply 7*163? by -027. Divide '01 by 6-25. 

378. Find the Com p. Int on $6250 for 3 years at 6 per cent 

879. Find the cubic contents of a box 7 ft 9 in. in length, 2 ft. 6 in. 
in brea Ith, and 1 ft. 4 in. in depth. 

380. A farmer buys 10 oxen for $66 each, and 10 more for $72 
each : what loss per cent does he incur by selling them for $65. 55 each ? 

881. What income is derived from holding $1000 stock at 72J 
paying 2^ per cent \ 



EXAMPLES FOR EXERCISE 259 

382. How many times is 4 tons 1 cwt. 62 lbs. contained in 4462 tons 
7 cwts. 20 lbs.? 

883. Find the value of ^ of 5 miles + ^ of 4 furlongs + ^ of a 
foot -159 J yards. 

884. Express 3 tons 2 cwts. 50 lbs. as the decimal of 5 tons 17 cwts. 
50 lbs. 

386. If 24 men can build a wall in 10 days, in how many days will 
36 men do it ? 

886. If $4335.75 will provide food for 41 persons for 94 days, what 
will be the expense of keeping 10 persons for 2 days ? 

387. Find the discount on $3165 for 11 months at 6 per cent. 

388. What percentage is received upon money invested in stock at 
72i paying 2^ per cent. ? 

889. A runs 6§ yards while B runs 7 yards ; B runs 16^ yards while 
C runs 15 yards : if A can run a mile in 5 minutes 15 seconds, what 
time will G take to do it ? 



390. Simplify If of If + gi-p|| - 21 

391. Divide '0000567 by '0875. 

392. Reduce 4 furlongs 3 poles 3 yds. 1 ft. 6 in. to yards. 

393. Find the amount at Simple Interest on $2800, for 4} years at 
3i per cent. 

394. If I buy f of an estate of 200 acres for $64164, how much 
should I have to give for ^ of the same ? 

396. If it cost $12.60 to paper a room 9 ft. high with paper 2 ft 
3 in. wide, what would it cost if the room were two feet higher and the 
paper 2 ft. 6 in. wide at the same price per yard ? 

396. Which is the better investment, the 4^ per cents, at 114 or the 
3i per cents, at 89 ? 

397. What fraction of 40 yds. is If of 19 yds. 1 ft. 11 in.? 

398. Find the difference between 6 '03d and 8'll 

399. Find the value of 3 cwts. 62 lbs. 8 oz. at $357.68 per cwt 

400. How many yards of carpet 2 ft. 3 in. wide will cover a floor 
27 ft. long and 16 ft 6 in. wide? and what will it cost at $1.15 a yard ? 

401. Divide $7000 between A, B, and C, so that for every $1 given 
to A, B shall get $'3 and C$'45. 

402. If sugar sold at 9 cents per lb. give a profit of 14 per cent, find 
the cost price per cwt. 

403. An open cistern, measuring on the outside 20 ft. square and 
9 ft deep, has sides and floor of brick 1 ft. thick, and is full of water : 
find the total weight of the cistern and its contents ; a cubic foot of 
water weighs 1000 oz., brick weighing half as much again as water. 
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404. Find the value of 1$ of 38 yds. 2 ft ^ in. 

406. Reduce '009024 and '47 § to vulgar fr. in their lowest terms. 

406. If a man walk 200 miles in 8 days, travelling 8 hours a day, 
how many hours a day must he travel to perform a journey of 1125 
miles in 60 days ? 

407. Find the area of the walls of a room 6 yds. 2 ft. long, 5 yards 
wide, and 3 yards high. 

408. Find the discount on $2435 due five months hence at 3^ per 
cent, per annum. 

409. Divide $372 among 12 men, 20 women, and 33 children, so 
that the share of a man, woman, and child is in the ratio of 5, 3, and 2. 

410. How much 3 per cent. Stock must a person hold that he may 
' receive from it an income of $450 ? 



411. Simplify 6^ of If + /^ + 2^ of ^ + 2^. 

412. Divide -16133 hy 16-25, and multiply •346§ by l-54i. 

413. Find the cost of papering the walls of a room 26 ft. 8 in. 
long, 16 ft 4 in. wide, and 12 ft. high, with paper a yard wide, at 
$1.08 per dozen yards. 

414. In what time will $1613.50 amount to $1774. 85 at 24 per cent. ? 

415. If I sell goods at $126, having bought them for $78.75, what is 
my gain per cent. ? 

416. How much stock in the 3| per cents, can be purchased at 99f, 
by selling out $4200 from the 3 J per cents, at 95 ? 

417. If a court 100 feet long and 30 feet wide have a grass-plot in 
its centre and a gravel path 4 ft. wide running round it, find the area 
of the grass-plot, and reduce it to the decimal of an acre. 

418. Multiply 4H + f of 2^ by 7i - 5f 

419. Express 32 lbs. 7 oz. as the decimal of 3 cwts. 

420. If 14 men reap a field in 16i hours, how long would 11 men 
take to reap it ? 

421. Find the area of the four walls of a room 18 ft. 10 in. long, 
15 ft. 8 in. wide, and 14 ft. high. 

422. Find the tax on $9891 at $1 in $60. 

423. In what time will $300 produce $54 at Simple Interest at 4 
per cent. ? 

424. Find the income obtained from investing $25500 in stock 
paying 4 J per cent., at 102. 

425. The width of a river is 110 yards, and its average depth 4J 
feet : find how many cubic yards of water will flow past a given point 
in one minute, if the average rate of the stream be 2 miles an hour. 
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426. Divide 1*28 by '0625. 

427. Multiply 2 •02^5 by 2}. 

428. Find the value of 1 ton cwts. 87 lbs. 8 oz. at $6.72 per ton. 

429. Find the Compound Interest on $718.75 for 3 years at 10 per 
cent. 

430. Divide $176.22 among A, B, C, so that B may get twice, and 
C three times, as much as A. 

431. A grocer buys tea at $31.25 per cwt ; what must he charge 
per lb. that he may gain 20 per cent. ? 

432. A cistern has 3 pipes, which can fill it in 2 hours, 2^ hours, 
and 40 minutes respectively : how long would they take to fill it, if 
they were all open together ? 

433. Simplify ||^-i of 29J + ?J^. 

434. Find the value of 7-934375 of 2 yds. 8 in. 

435. If a railway train goes at the rate of 27| miles in 2 hours and 
45 minutes, how many miles will it go in an hour ? 

436. The area of a rectangular plot of ground is 101 sq. yards 3 sq. 
ft. 90 sq. in. , and the length is 36 ft. 9 in. : find the breadth. 

437. A, B, and Center into partnership : A puts in $630 ; B $450 ; 
C $540. How ought a profit of $162 to be divided amongst them at 
the end of the year ? 

438. Find the discount on $1504.50 due 6 months hence at 4 per 
cent. 

439. How much money must be invested in the 3 per cents, at 73| 
to produce $390 per annum ? 

440. A man rows 10 miles in 2\ hours against the stream, the rate 
of which is 3 miles an hour j how long will he be in rowing 6 miles 
with the stream ? 

441. Divide '004789875 by 7 '5. 

442. Multiply 'Ol55 by 17 '28. 

448. If 3 horses plough 4980 square yards in 5 days, how long will 
it take 7 horses to plough 87150 square yards ? 

444. Find the cost of painting both sides of a door 8 ft. 9 in. high 
and 4 ft. 10 in. wide, at 30c. per square foot. 

446. The telegraph posts on a railway are 77 yards apart : find the 
smallest number of miles that correspond to an exact number of posts. 

446. If, by selling an article at $4.35 a pound, I gain 16 per cent, 
on my outlay, what was its prime cost ? 

447. A can reap a field in 5 days, and £ in 6 days, each working 11 
hours a day ; in what time could A and B together reap it. working 10 
hours a day ? 
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4i8. Simplify 8J + 2J of 6i of lA-2T^xf 

449. Find the value of '01953125 of 132. 

450. If 1 cwt 12 lbs. of goods cost $14, find the value of 7 cwts. 15 
lbs. of the same. 

451. How many yards of carpet, 2 ft 3 in. wide, are required for 
the floor of a room 18 ft 4 in. long, 10 ft. 6 in. wide ? 

452. Reduce to its simplest form S^^ of 3f -t-(^ of 9). 

453. Find the present value of $2457.65, due 7 months hence, at 
5 per cent. 

464. If by selling an article for $1807.30 I make 6 per cent, profit, 
for what must I sell it to make 7 per cent, profit ? 

455. How many ducats are worth £980, two guineas being equal to 
3 Napoleons, 15 dollars to 4 Napoleons, and 6 ducats to 7 dollars ? 

456. Divide '000124 by 640. 

457. Multiply 'i by 'i, giving the answer as a decimal. 

458. If 10 men earn $93.75 in 6 months, what will be the wages of 
16 men for 20 months ? 

459. Find the Compound Interest for 2^ years on $156.25 at 4 per 
cent. 

460. Find the rent of 72 a. 145 p. at $12.80 per acre. 

461. A man sells a horse for $361 at a profit of 17 per cent. ; what 
did the horse cost him ? 

462. What income would be derived from investing $5118.75 in the 
3 J per cents, at 97i ? 

463. An express train goes eight times as fast as a man who walks 
7 feet in a second ; how many miles per hour does it go ? 

464. Divide 9 lbs. 8 oz. 1 dwt. 16 grs. by 2|. 

465. What decimal of four miles is 27 yards 1 foot 6 inches ? 

466. If 1 metre =:1'1 yards, and 1100 yards =1 verst, find how 
many versts there are in 5750 metres. 

467. How many yards of carpet, 4 ft. 9 in. wide, will be required 
to cover the floor of a square room whose length is 14 ft. 3 in. I 

468. Divide 3 furlongs into 4 parts proportional to the quantities 
9i, 8 J, 13 J, 58 ; the parts to be given in yards. 

469. Find how much I shall get ofl^ if I pay ready money, a bill of 
$2030.05 due B| years hence at 28 per cent interest. 

470. Find the income obtained by investing $2085 in tfie 3J per 
cents, at $928 per bond. 

471. How much is gained or lost per cent, by selling a basket of 
apples at one cent each, if half of them were bought at 5 for 6c. and 
the rest at 3 for 2c. ? 
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472. Divide 5*8 by -003625. 

478. Determine the exact value of 3 '01 - 6 Sli + 2 -4. 

474. Find, by Practice, the value of 3 a. 3 r. 32 p. at $407.60 per 
acre. 

476. Determine the amount, at Simple Interest, of $2775 after 8 
years 4 months at i\ per cent. 

476. Three-sevenths of a gang of workmen receive 18c. a day each, 
and the rest 30c. a day ; the whole sum divided per week of 6 days is 
$4384.80. Find how many workmen there were. 

477. What is the profit per cent, to a market-woman who buys 
ducks at 84c. each ana sells them for $11.04 a dozen ? 

478. If each of two pipes can fill a cistern in 7 minutes, while a 
third can empty it in 2^ minutes, how long will it take to empty the 
cistern if all tnree taps are turned on when it is full ? 



479. What number added to | + 2f| + H-^ will make the total 
equal to 4 ? 

480. Divide 9*417 by l-24§. 

481. Find, by Practice, the value of 3 tons 3 cwts. 48 lbs. of tin, at 
$571.34 per ton. 

482. Find the Compound Int. on $32,000 for 4 years at 2} per cent. 

483. If 27 men can do some work in 14 days, working 10 hours a 
day, how many hours a day must 12 men work to do it in 45 days ? 

484. A man sold 72 yards of cloth for $50, his profit being the cost 
of 11*52 yards ; what did he gain per cent. ? 

486. How much stock must be bought in the 3 per cents, at 92^ to 
produce an income of $135 ? 



486. Find the value of 3*953125 of 8 weeks 4 days 16 brs. 

487. If 5 tons be carried 59^ miles for $63.75, how far may 11 tons 
be carried for $41.25 ? 

488. How many pieces of paper f yd. wide must be bought for 
papering a wall 15 ft. 8 in. long, 11 ft. 3 in. high, the piece containing 
12 yards ? 

489. A bankrupt owes 3 creditors $450, $560, $670 respectively ; 
divide his property worth $352.80 equitably among them. 

490. In what time will $9960 amount to $10105.25 at 2i per cent. ? 

491. Find the piice of 3 per cent. Stock if an investment of 
$4120.75 produces an income of $159. 

492. Find the true Discount on $3723.85, due 3} years hence, at 8 
per cent, interest. 
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«.. Find the value of I^^^U 

494. Find the value of -0626 of 21 yds. 1 ft. 

495. If a package weighing 7i cwts. be carried 125 miles for $3.50, 
now much will be charged for the carriage of 3 tons 15 cwts. for a 
distance of 200 miles f 

496. Divide $847 into parts proportional to ^, |, ^, }. 

497. Find the amount of tax payable on a salary of $1260 per 
annum, when the tax is $1 in $48. 

498. If tea be bought at 88c. per lb. and sold at 96c. per lb., what 
is the gain per cent ? 

499. Three men working all day can plant a field in 10 days ; but 
one of them having other employment can only work half-time : how 
long will it take them to complete the work ? 



500. Divide -02048 by '00003126. 

501. Divide 2-345 by -OOS. 

502. If a board be 9 inches broad, what must be its length if it 
contain 15 square feet ? 

603. A, B, and C engage in trade, investing capital to the amount 
of $256, $352, $384 respectively. Their profits amount to $558 : what 
were their shares ? 

604. The rate of interest being 7 per cent., what is the discount on 
a sum of $4070 due 3 months hence ? 

605. How much 3 per cent Stock at 90 must be sold to realise 
$3735? 

506. A and B have equal sums of money : they buy into the 3 per 
cents, and 4^ per cents, respectively, and get the same interest ; the 
3 per cents, being at 85. At what are the 4i per cents. ? 

507. Divide 13 weeks 5 days 15 hours 12 min. by 2}. 

508. Multiply 102 •84§ by \^, 

509. If 70 yards of matting 2 feet wide cost $31.50, what should be 
the price of 85 yards of the same material 6 feet wide ? 

610. Find the cost of painting the wainscoting, which is 4} ft. 
high, in a room 26 ft. by 17 ft. 9 in., paint costing $1.56 per sq. yd. 

511. If ^ of a property is worth $9478*50, what is the value of the 
remainder ? 

512. A grocer wishes to make a profit of 20 per cent. : for how 
much must he sell goods which cost him $12.60 ? 

513. Divide $265 among 7 men, 11 women, and 17 children, so that 
two women may have as much as three children, and a man may have 
as much as a woman and a child together. 



-H 
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614. Multiply 11-625 by -0082. 

615. Find the value of 5061 things at $108.61 each. 

616. Find the cubic contents of a room 22 ft 6 in. long, 13 ft. 6 in. 
wide, and 12 ft. high. 

617. Divide 220 yds. 2 ft. 9 in. into parts having the ratio 15:10: 8. 

618. Find the present value of $165.26 due in 1 year at 3J per 
cent. 

619. A policeman goes after a thief who has 528 yards start : if the 
policeman goes at the rate of a mile in 7 minutes, and the thief at the 
rate of a mile in 10 minutes, how far will the thief have got when he 
is overtaken ? 

620. A merchant holds half a million rupees valued at 46c. each : 
what will be the amount of his loss if the value of silver falls from 
$1.16 to ll.OOJ per oz. ? 



621. Divide 2004 weeks 6 days 20^ hours by 673. 

622. Find the area of a floor 13 yds. 2 ft. 3 in. long and 10 yds. 1 
ft 3 in. wide. 

623. Reduce 11| of 84 lbs. 8 oz. to the fraction of 6 cwts. 72 lbs. 8 oz. 

624. Find the poor rate on $732.80 at $1 in $64. 

625. If 75 men can build 528 yards of wall in 28 days, working 12 
hours a day, how many hours a day must 80 men wori to build 704 
yards in 40 days ? 

626. In how many years will $1800 amount to $2067.75 at 4^ per 
cent. ? 

627. What is the difference per cent, profit between selling 8 cwts. 
for the cost price of 9 cwts., and selling 9 cwts. for the cost price of 10 
cwts. ? 

628. If 27 cwts. 19 lbs. cost $163.14, what weight can be bought 
for $25.74? 

529. Find the value of 7^ of 6| of 1^ + 4| + 2| of 7^. 

530. Reduce yU^ to a decimal. Divide -001 by '0005. Multiply 
•02S by •8S. 

531. How many square yards are there in 6 '66875 acres ? 

632. Find the Compound Interest on $3200 for 2 years at 3 per 
cent. 

533. A man holding $8800 Turkish 6 per cents, sells out at 91 1 
and invests the proceeds in 3 per cenU Consols at 88 : find the diminu- 
tion in his income. 

684. In a half-mile race A gives B 10 yards start, and beats him by 
20 yards ; £ gives C 30 yanis start in half a mile, and is beaten by 60 
yards : which runs the faster, A or C^ 
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5S5. Diyide 44 lbs. 5 oz. 17 dwts. 1 gr. by 4f . 
686. Simplify ^-r-12* + A of 9|. 

537. Find the value of -945 of 1 ton 14 cwts. 87 J lbs. 

638. If 4 men can reap a field of 12 acres in 5 days, how long will 
they take to reap 19 acres 2 roods ? 

639. What is the principal which, invested for 19 years at 3J per 
cent. Simple Interest, produces an interest of |133 ? 

640. Find the cost of carpeting a room whose length is 16 ft. 6 in. 
and breadth 13 ft. 4 in., with carpet | yard wide, and of which the 
price is f 1.08 per yard. 

641. A coach starts at 6 a.m. and travels at the rate of 9^ miles an 
hour : at 7.45 a.m. a horseman starts from the same place and follows 
the coach ; he rides at the rate of 13 miles an hour : at what o'clock 
will he overtake the coach ? 



642. How many pieces of matting, each 6 ft long and 30 in. wide, 
will cover the floor of a hall 54 ft. long and 27 ft. 6 in. wide ? 

643. Reduce 17 cwts. 6 J lbs. to the decimal of 2 tons. 

644. Multiply 16 018 by 2 034 and '001 by "Oi Divide 1-0860204 
by 80-09. 

646. If the 2 cent loaf weigh 6 oz. when wheat costs $1.20 per 
bushel, what ought the 24 cent loaf to weigh when wheat is selling at 
$1.80 per bushel ? 

646. At what rate per cent, would $900 become $1068.75 in 3 years 
9 months ? 

647. A man walks to a town at the rate of 3 j miles per hour, rests 
there J hour, and rides back at the rate of 7 J miles per hour : how far 
has he walked, the wliole time occupied having been 4 hrs. 10 mins. ? 



648. Reduce to its lowest terms ff fl> 

649. Reduce to its simplest form -^ — ^. 

660. Divide 2 tons 16 cwts. 50 lbs. in the ratio of 3,^ : i : A* 

661. Explain what is meant by a decimal not being finite. Divide 
•03§ by -0027. 

662. If 89 lbs. cost $8.01, find the cost of 5 tons 4 cwts. 75 lbs. 

663. Divide $100 between A^ B, and C, so that A may receive $7 
as often as B receives $8, and (7 $5 as often as B receives $4. 

664. If a terrestrial globe were made of 36 inches diameter, find the 
size on its surface of France, which contains 200,000 square piiles, the 
earth's diameter being 7920 miles. 
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666. Add together 5f, 3^, 2^, and i off 

666. Express 3| of 5 cwts. 75 lbs. as a fraction of 16 tons. 

667. Express ^ and ^ as decimals, and '01625 and '343Sd as 
vulgar fractions. 

668. Find the value of 3*08375 of 11 yds. 4 in. 

669. If 29 men earn $643.80 in 54 days, how much will 600 men 
earn in 12 days ? 

660. A person holding $10,000 in the 3 per cent. Consols sells out 
at 95 and invests his money in the Spanish 3 per cents, at $12| : find 
the change in his income. 

661. If by selling at 19c. I lose 5 per cent., at what price must I 
sell to gain 5 per cent. ? 

662. Reduce 9 tons 12 cwts. 50 lbs. to the fraction of 25 tons 13^ cwts. 

568. SimpUfyl2A-^^- 

664. Multiply 3-6§ by -085. Subtract 2*? 1§ from 3*06 without the 
use of vulgar fractions. 

666. How many square feet of wall-paper will be required for a 
room whose dimensions are— length 23 ft. 5 in., breadth 18 ft. 7 in., 
height 9 ft. 6 in. ? 

666. Find the Discount on $1964.15 due 5 months hence at 4^ per 
cent. 

667. How many days will 64 men, working 12 hours a day, take to 
do what 48 men, working 9 hours a day, do in 16 days ? 

668. 3 women can do as much work as 5 children, and a man twice 
as much work as a woman. If the total wages of 6 men, 10 women, 
15 children be $155, how ought they to be divided ? 

669. Find, by Practice, the weight of 768 things at 1 ton 7 cwts. 
37i lbs. each. 

670. Explain your method of placing the decimal point in the 
quotient when one decimal fraction is divided by another. 

671. Find the value of 37953125 of 2 tons, and reduce 7 yds. IJ 
in. to the decimal of 20 yds. 

672. A person transfers $5000 stock from the 3 per cents, at 72 and 
invests the proceeds in a 4 per cent, stock at 90 : what is the difference 
in his income ? 

673. Find the cost of papering a room 18 ft. 1 in. by 14 ft. 8 in. 
and 12 ft. 6 in. high, with paper 30 in. broad and costing 9c. per yard. 

674. A room is 18J ft. lonpr, 13J ft. wide, 10 ft. high : find the 
difference in the cost of papering the walls with English paper which 
is 21 in. wide and costs 12c. a yard and with French paper which is 18 
in. wide and costs lie. a yard, allowing 14 sq. yds. for doors, etc. 
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676. Divide '282892 by '394, and -01 by 500. 

676. What is the value of 5 cwts. 93 lbs. at $13.76 per cwt. ? 

677. A puts into a business $80 for 5 months ; B puts in $90 for 
8 months; C puts in $66 for one year; divide the profits, $47.80, 
fairly between A^ B, and C. 

678. Divide $900 among 3 persons, so that the first may have 
twice as much as the second, and the third four times as much as the 
other two together. 

679. Find the Compound Interest on $8333.33 for 2^ years at 5 
per cent. 

680. A ^oods-train leaves Bristol at 12 noon, for London, 120 miles 
distant, ana travels at the rate of 20 miles per hour ; another train 
leaves London for Bristol at 1.30 p.m., and travels at the rate of 25 
miles per hour ; when, and where, will the trains pass each other ? 



681. Find the value of 4-01875 of $652. 

682. If the wages of 29 men for 54 days amount to $482.85, how 
many men must work 12 days to receive $2442 ? 

683. How many casks, some of them holding 2^ cwts., and the 
others each 12 cwts. 12^ lbs. , arc required for 30 tons ? 

684. Find the Simple Interest on $4208 from Aug. 13th to Oct. 
25th at 2i per cent, per annum. 

686. Find the present value of $1105 due in 6 years, interest being 
at 5 per cent. 

686. A mixture is made of 1 gallon of ale at 10c. a gallon, 3 at 18c., 
4 at 24c., and 12 at 8c. : how much per gallon is the mixture worth ? 



687. Find the value of 5} + 6f + 1 A - 12/^. 
. 688. Divide 13-8125 by 325 i and 1 '05 by 1 'iL 

689. A purse and the money it contains are worth $9.24, and the 
money is 10 times the value of the purse : how much money does it 
contain ? 

690. Find the value of 3| of $1-10 + 1-35 of $5.90-2-4375 of $4.80. 

691. A box made of board an inch thick measures on the outside 
20 in. long, 14 in. wide, and 8 in. deep : find the cubic contents of the 
interior, and the cost of painting the outside, at 18c. per square foot. 

692. In what time will $220 gain $56.10, interest being at 4^ per 
cent. ? 

693. Three men have together completed a piece of work for which 
they receive $19.10: A has worked 4 days of 10 J hours, .ff for 11 
days of 7 hours, and G (who does in 2 hours as much as either A 
or ^ can do in 3) for 6 days of 8 hours : how much money ought each 
to have? 
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694. Redace 4} guineas to the decimal of £50. 
696. Multiply 102 yds. 1 ft. 9} inches by 3f 

696. Divide ^t^f by If of If. 

697. If it takes 135 men to supply, in 5 days' work, a -fortress with 
provisions for 5 months when the garrison is 650 strong, how many 
will be required to supply it in 3 days for 4 months, after the garrison 
has been reduced by 130 men ? 

698. A man whose nominal income is $4250, and who rents a house 
at $500 a year, finds his income reduced by a tax of 2^c. in the $1 
and local rates to ^4006. 25. What do the rates (which are levied on 
rental) amount to in $100 ? 

699. Find the Present Value of $3640 due in 10 months, interest 
being at 4^ per cent. 

600. A man bought a certain number of Bonds of the 3 per cents, 
at 84, and the same number of 3 J per centb. at 91 ; his income from 
both investments together was $260 ; how much money did he invest ? 

601. SimpUfy 5| - 3 J of 1^ + ^. 

602. Express ■^- and ^^ as decimals : the latter to 6 places. To 
how many places might it have to go before recurring ? 

603. Multiply 6 '05 by 'iSf. {Answer in decimals.) 

604. Calculate the cost of papering a room 20 ft. long, 17 ft. broad, 
and 12 ft. high, allowing 42 sq. ft. for doors and windows, the pieces 
of paper being 64c. per piece of 12 yards long and 21 in. broad, and 
the cost of putting up the paper 25c. per piece. 

606. Find the Compound Interest on $1800 at 6 per cent for 3 
years. How much does it exceed the Simple Interest ? 

' 606. A man's income is diminished by $1500 ; but a tax that ho 
pays of 2} c. per $1 being raised by one-sixth of its amount, he 
pays the same amount of tax as before ; find his income. 

607. What fraction of 7i tons is 1| of 5} cwts. ? 

608. State a rule for division in decimals and apply it to divide 
17-35 by 62-5 and by '0125. 

609. Bring 19 tons 13 cwts. 37} lbs. to decimal of 50 tons ; and 
find the value of 3*1024 of $75. 

610. Find the value of 780 things at $4.05 each. 

611. Find the difference between the amount of $1205 for 2 years 
at 5 per cent Compound Int. and the present value of the same sum 
due 2 years hence at 5 per cent. Comp. Int. 

612. What will be the change of income obtained by transferring 
$7600 Russian 5 per cent, stock at 84 to Rio Improvement 7 per cent, 
at $114 for each $100 share ? 
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618. Reduce 18750 inches to fur. po. yds., &c. 
614. Reduce 3^ of 8 lbs. 7 oz. to the fraction of 1 cwt. 11 lbs. 9 oz. 
€16. What time should 24 men take to fiuish a work of which 18 
men have done half in 15 days ? 

616. If $12 is charged for the carriage of 8 cwts. for 128 miles, how 
far would 4 cwts. be carried for $1.50. 

617. At what rate Simple Interest would $150 amount to $250 in 
8 years ? 

618. A man sells a horse for $203.50 at a loss of 7 J per cent. : what 
did the horse cost him ? 

619. Calculate the cost of lining with lead the inside of a cistern 
(open at top) whose dimensions are, length 6 ft. 8 in., breadth 2 ft 

2 in., and height 3 ft. 2 in. ; lead costing 36c. per square foot 

620. Simplify 3^ J + 2J of 38 - f of - 3^ -^. 

621. A coal merchant buys coal at $3.72 per ton, and pays $1.74 
per ton for carriage by railway : at what price should it be sold to 
produce a profit of 33 J per cent. ? 

622. Divide 1 00625 by 132-5 and •§ by 1§§, each to five places of 
decimals. 

623. Find the weight of 980 things at 5 tons 9 cwts. 87 lbs. 8 oz. 
each. 

624. Required the Compound Interest on $7500 at 4 per cent, for 

3 years ; and also for 3 years 6 months. 

626. A person owes $3689.20, but can only pay $2305.75: what 
dividend in the $100 can he pay ? 

626. Find the income obtained by investing $2717 in 3 J per cent 
stock at 96J. 

627 Simplifv^^A-°^^^--^t^^^^^- * 

627. Simplify ^,^^^,^^^_^ •|of3-^x5r 

628. Multiply 25 yds. 2 ft. 9| in. by 3§. 

629. If § of a field be let for $28, what will be the rent of | of it ? 

630. Find the cost of making a road 4 miles 3 furlongs 11 yards 
long at $760 a mile. 

631. Divide $4633.75 among 5 boys, 2 women, and 2 men, so that 
each man has four times as much as a woman, and each woman five 
times as much as a boy. 

632. Find the present value of $2831.95 due 9 months hence at 6 
per cent. 

633. Lace, which can be purchased in Caen at 7.63 francs per metre, 
incurs an additional value of 65 per cent, by transit to England with 
the duty and the trade profit : how much will it cost in England per 
yard ? N.B. —1 metre = 39 -3708 inches. 55 francs = 43 shillings. 
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634. Divide 4*932 by 115*2 and multiply 3*35? by 2*6. 

636. Find the value of *05 of |4.80 + 3*6S of $1.20 + 2-376 of 4c 
— a- vr ljx2i + 2^x54 

637. If 7 boys catch 4 fish in 6 days, how long will it take a house 
of 21 boys to catch one fish at the same rate ? 

638. I buy teas at 72c. and 96c. per lb. ; I mix them as 4 to 7 ; 
what is my gain per cent, if I sell the mixture at $1 per lb. ? 

639. At what rate of interest will |8210 amount to $9031 in 7i 
years? 

640. When and where shall I overtake a friend who starts 18 min. 
before me and walks at 3^ miles an hour, if I go at ^i miles an hour ? 

641. Find the value of 3,^ + If of 6i + 2^ + 3* of ^ of 2J. 

642. Reduce 1243 feet to poles. 

643. Find the value of 15*2?5 + 4*0815 - 2*592+ -20851 - 5H + ^'l 

644. If 10 men working 9 hours a day can mow 104 acres in 8 days, 
in how many days of 9J hours could 12 men mow 247 acres ? 

646. In what time will $1250 put out at 4^ per cent. Simple 
Interest, amount to $1568.75. 

646. If by selling a house for $4000 I gain 25 per cent on my 
outlay, what should I gain per cent, by selling it for $3360 ? 

647. If 3 men and 5 women can do a piece of work in 8 days which 
2 men and 7 children can do in 12, how long would 12 men, 10 women, 
and 21 children, working together, take to do it ? 

648. Divide 716 yds. 3f in. by 6J. 

649. Divide *5 by 31*25 ; and 3 61 by 1*51. 

660. A room is 22^ ft. long, 15 ft. wide, and 19} ft. high : find 
the cost of papering its walls with paper a yard wide at 84c per 
dozen yards. 

661. Find the Present Value of $341 due in 3 years 5 months, 
interest being at 4 per cent. 

662. Find the present value of a bill for $645.15 drawn on March 
1 at 4 months and discounted April 22, at 10 per cent, per annum, 
allowing days of grace. 

668. A person holding $10000 in the 3 per cents, sells out at 93f , 
and invests the proceeds in 4 per cent. Stock at 101} : find the 
change in his income, allowing i per cent commission in each 
transaction. 

664. A can beat B by five yards in a 100 yards race, and B can 
beat C by ten yards in a 200 yards race : by how much can A beat 
in a 400 yards race ? 
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666. Simplify iHon«-^ + 2f. 

666. Reduce 17 cwts. 18 lbs. 12 oz. to the fraction of 2 tons 15 cwt& 

667. Find the value of 1 -65 of 24 yds. 1 in. + 4 A of 21 yds. 9 in. 
666. Divide 12*44^6 by *0472. 

669. If 1572 tiles each 10 inches square would pave a court, how 
many would be required if the tiles were 15 in. long, 8 in. wide ? 

660. What is the true discount on a bill for $8111.25 drawn on 
February 4th, at 10 months, and discounted July 14th at 7^ per cent, 
per annum ? (JV.A— Three days of grace are allowed.) 

661. What gain per cent, is made by buying- pears at 3 for 4c. and 
selling them at 2 for 6c.? 

••a.Simplify|ofi + :^-|« 

668. Simplify ll'SOl + 502§4§ + 3-5O03? - 5*5 + '00047. 

664. Multiply 82*043 by '07432 ; and divide '0640475 by 3'425. 

666. There are 1,836,472,000 copies of newspapers printed in 
America in a year. Taking a newspaper on the average at 4000 copies 
solid to the foot, find the number of miles in a column formed of these 
copies : also, taking 41 inches to be their average length, find the 
number of miles they would cover if placed end to end. 

666. U A can do a piece of work in 6 days which B can do in 
10 days, and which A^ B, and C together can do in 2^ days ; in what 
time can C do it alone ? 

667. A man would lose l7i per cent, by selling a house for $5775 : 
what price must he ask in order to gain 15 per cent.? 

666. If the 3J per cents, are at 91, find the difference in the income 
derived from |7800 stock and the investment of $7800. 

•69. Simplify ^i^lpjy 

-.,A T^-^4.1. 1 ^ -321 X -321 - -179 X '179 .^- 

670. Fmd the value of ^.^loi^T^ yd °^ ^^' 

671. Find the square root of 21-^ and of 9001 8 0009. 

672. In how many years will the Simple Interest on $1418 amount 
to $106. 35 at 2 J per cent. ? 

673. What sum of money must be invested in 4J per cent Stock 
at 83 J to brin<» an income of $219 ? (Brokerage J. ) 

674. A man walking 18 miles finds that in 1 hour 40 minutes the 
distance he has walked is f of the remaining distance ; find his speed. 

676. A cubical cistern open at the top costs $75.60 to line with 
lead at 42c. per square foot ; how many cubic feet will it contain ? 
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676. Find the difference between f of 15 acres 155 poles and { of 
31 acres 107 poles. 

..*» a- r f *562 x '562 - -188 x '188 . ^^^ 

677. Simplify .^^^--m ^^^^^• 

678. Find the cost of 7 cwts. 72 J lbs. at $55.64 per cwt 

679. Find the present worth of $1368.40 due 8 months hence at 
/ij per cent. ? 

680. A man walking 13} miles finds that in 1 hour 15 min. he has 
walked | of the reniaiuiug distance ; iiud his rate of walking. 

681. A cubical cistern open at the top costs $78.40 to line with lead 
at 32c. per sq. ft.; how many cubic feet does it contain ? 

682. What was the selling price of goods bought for $1000.25 and 
sold at a loss of 4 per cent. ? 

683. Reduce |4ff to a decimal. 

684. Reduce 2*48627 to a vulgar fracuon in its lowest terms. 

686. A litre contains 61 *027 cubic inches ; a gallon contains 
231 cubic inches ; how many gallons are there in 50 litres ? 

686. Add together H of $113.40, '615 of $24, and 3^: of 4^ of If 
of $19. 90. 

687. Express as recurring decimals the square of '5 and the 
square root of '587. 

688. What is the cost of a piece of square matting 20 ft. 6 in. 
along one side, made up of strips } yard wide, costing 90c. a yard ? 

689. On a certain line of railway the telegraph jiosts aie placed 
58 yards apart, and a passenger couuts as he passes 37 in 2 minutes ; at 
what rate is he travelling ? 

6.0. Simplify*^ of 1^ of*--* of 585. 

691. Find the sum of 2*4, '§2, 567, 7-056, 4*1?, and •4§0412i 

692. Find by Practice the value of a nugget of gold weighing 
3 lbs. 11 oz. 8 dwts. 4 grs. at $18.60 per oz. 

693. Calculate the value of \/{B + 2 V2) to 2 decimal places. 

694. A lawn is half as long again as it is wide ; the cost of levelling 
it at 18c. a square yard is $846.72 ; find the cost of enclosing it with a 
feuce at $1.80 per yard. 

696. Find the cubic contents of a square tank whose side is 18 feet 
long and whose average depth is 6 ft. 9 in. 

696. What income would be derived from investing $9350 in 
6J Preference Stock at 137J ? 

697. If the hands of a clock coincide every 65 J minutes, how much 
does the clock gain or lose in a day ? 
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€98. SimpHfy5Jof— l--ii±§. 

699. If 3 cwts. 26 lbs. of tea cost as much as 30 cwts. 97 lbs. of 
sugar, how much sugar would be given in exchange for 10 lbs. of teat 

700. Find the H.c.P. of 1445, 696, 408, and 4012. 

701. A tradesman buys milk at 5c. a quart and sells at 6c. a quart ; 
how much water has he put with it, if his profit is 60 % ? 

702. At what rate of interest will the present worth of ^97.76 
payable 2 years hence bo $370 ? 

708. A and B undertake to do a piece of work for $14 ; A conld do it 
alone in 7 days, ^ in 8 days ; with the assistance of a boy they do it in . 
3 days : how should the money be divided ? 

704. Which pays best, 3i per cents, at 96 or 4 per cents, at 109^ ? 

705. A can give B 10 yards and C 21 yards start in a race of 120 
yards ; B can give C H sees, start over the same distance ; how long 
does each take to run 120 ya rds t 

706. Simplify A of ^^J^ of (3J + 4-2A). 

707. Divide 4203 182 by 2-3175 to 6 significant figures. 

708. At Simple Interest, what sum lent at 4 per cent, produces in 
3 years the same interest as $540 produces in 2 years at 5 p^r cent. ? 

709. At what rate of interest will the present worth of $402.05 
payable 2 years hence be $374 ? 

710. If 4 per cent, be lost by selling at 18c. per yard, what price 
will gain 12 per cent.? 

711. Calculate the value of \/( '^ + 2\/3) to 3 significant figures. 

712. A sum of $720 is due from A to B now and $1815 is due 
7 months hence ; show that, reckoning Simple Interest at 5 per cent, 
per annum, if A pay both debts 5 months hence neither will lose. 

713. A clock gains '0375 per cent. ; what will it gain in a week ? 

714. Find the value of § of 5s. + f of 8*. 6d. + 1^ of £2. 2s. 6d.; and 
reduce the result to the fraction of J of £13. 18s. lOd. 

715. Divide (00056542)2 by (12-534)2 to 5 figures. 

716. The whole outside surface of a cubic box is 2076*76 square feet ; 
find the length of one of its edges. 

717. The length of a square room is 18 ft. 9 in.; the paper for the 
walls costs $15.75 at 14c. per square yard ; find the height. 

718. The interest on $7560 amounts in 5 years to $1260 at Simple 
Interest ; find the rate. 

719. I had $5000 stock in 3J per cents, at 77. I sold out and 
bought into the 44 per cents, at 91§ : find how much stock I have now, 
and the change in my income. {Brokerage is here neglected,) 
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720. Divide 2 J - Sf + 2^ by J - ,«- + ^ + J^ of J. 

721. Divide 6917 by 6t)7, using factors. 

722. Multiply (23-046)' by (13-0134)8 to 4 figures. 

723. Find the value of 6-06 of 24c. + *54§ of $17.82 - •2h4285 of 
$16.80. 

724. I have -^th of a ship, worth $10452, which is insured for 91§ 
per cent, of its value ; the ship being lost, what do I lose ? 

725. How much must I invest in the 3^ per cents, at 91 to have an 
income of $932 after paying $7 in $240 tax ? 

726. A spii-it merchant mixes 52 gallons whisky at $3.78 per gallon 
with 60 gallons at $4.06, and sells the mixture so as to gam 8^ per 
cent. ; at what price per gallon does he sell it ? 



727. Express '02d of $4.50 as the decimal of $70. 

728. A cubic foot of water freezes into 1 '089 c. ft of ice ; how much 
water is there in a rectangular iceberg 100 ft. by 50 ft. by 20 ft. ? 

729. If £3 = 20 thalers, 25 thalers = 93 francs ; 27 francs=5 scudi, 
62 scudi = 135 gulden ; how many gulden = £1 ? 

730. Find the amount at Compound Interest on $4000 in 4 years 
at 5 per cent. 

73X. Divide $671 into parts proportional to 3, 2, IJ, |. 

732. Find the gain per cent in selling at 25c. per cwt coal bought 
at the rate of $15.75 for 5 tons. 

733. Ay By and Q can do a piece of work in 2 hours ; A and B can 
do it in 3 hours, B and G can do it in 5 hours ; in what time can A 
and (7 do it ? 

734. Divide , ^^ol'^'^Qi ^y oi ^AlH^x - 

i 01 9i of 8J "^ 3i ot 4| of 6J 

735. Find the value of \/3~+V3 to 6 figures. 

736. Find the price of 3 tons 3 cwts. 85 lbs. at $35.25 per 3 cwts. 

737. Ay By and G can walk at the rate of 3, 4, and 5 miles an 
hour ; they start from New York at 1, 2, and 3 o'clock respectively ; 
when B catches A he sends him back with a message to C \ when will 
C get the message ? 

738. Find the discount on $6388.25 for 2 months at 6 per cent 

739. In a race A can give B 8 yards and C 5 yards in a hundred ; 
in a mile race B gives G 32 yards start ; which win.s ? by how much ? 

740. A reservoir a quarter of a mile long, 100 yards wide, and 
20} yards deep, is emptied in 48 hours bv a channel 10 feet wide and 
3 ft. 5 in. deep : at what uniform rate will the water fiow ? (Give the 
result in yards per hour.) 
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741. Find the smallest multiplier which will make 114400 a perfect 
cube. 

.,*• c- riv,H + lii 2^ -If 

742. Simplify g^-~3^-^^^. 

748. Find, by Practice, the value of 72 cwts. 73 lbs. 8 oz. of sugar 
at 16.12 per cwt. 

744. An equal number of guineas, pounds, half-guineas crowns, 
and half-crowns amount to £398. 5s. How many are there of each ? 

746. Find the income I derive from investing $1500 in 3 per cents, 
at 90, and $1470 in 4 per cents, at 112. 

746. Find the sum of money which in 1 year at 3 per cent. comp. 
int. payable quarterly will amount to $800. 

747. The price of diamonds per carat varies as their weight ; if a 
diamond of 3 carats costs $450, what does a diamond of 2 carats cost ? 

748. Find the L.C.M. of 99, 999, and 9999. 

749. Find the value of 'S^ of $7.20+ -OS of $12.60. 

750. How long will a man be in walking from London to Eton, a 
distance of 21 J miles, when he takes 110 steps of 2J feet every minute? 

761. Find the cost of papering a room 20 ft. long. 16^ ft. broad, 
and 12 ft. high, the price of a piece of paper 12 yds. long and f yd. 
broad being $1.10. 

762. Find the sum of money which in 2 years at 4 per cent. comp. 
int. payable half-yearly will amount to $300. 

763. Find the amount of a legacy which after i^aying 10 per cent, 
duty when invested in the 4 per cents, at 91 gives an income of 
$1616 (brokerage J). 

764. If 91 men 28 women and 35 boys can reap a field of corn 85 
yards by 23 yards, in 4 days of 10 hours, how many women must be 
associated with 13 men and 5 boys to reap a field 69 yards by 17 yards 
in 21 days of 8 hours each ? 

766. Simplify f of 9^ + f of 7^ - tV of lO^V- 

766. Find the product of '14285:^, 'i^ and -34585714. 

767. Find the cube root of 113140331 in the scale of 7. 

768. A grain of gold is beaten out into a leaf of 56 square inches ; 
how many gold leaves make up the thickness of a leaf of paper ^^ of 
an in. thick [1 cub. ft. of gold weighs 1215 lb. Troy] ? 

769. If I gained 1 cent in 6 cents by selling a book for $1.12, what 
do I gain per cent, if I sell it at $1.02 ? 

760. Determine the change of income made by transferring $1050 
from the 3j per cents, at 105 to the 3J per cents, at 91. 

761. In running a mile race if A can give B 22 yards, and B give O 
80 yards, how much may A give C ? 
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762. If the price in shillings of a cwt. of goods be multiplied by 3 
and divided by 7, the result is the value in farthings of I lb. 

763. The price of gold is £3. 17«. lO^d. per oz. : what is the least 
number of ounces that I must take to the mint that I may receive an 
exact number of sovereigns in exchange ? 

764. Find the net income corresponding to a gross income of 
$4657.50, after paying taxes amounting to $1 in $15. 

766. If a profit of 22^ per cent, is made by selling a book for $2.94, 
what wouLl be its price if the profit were only 6 per cent, ? 

766. Find the present value of $450 due in 9 months, supposing the 
3 per cents, to be at 99. 

767. The Great Northern Express leaves London at 8.30 p.m., and 
reaches Edinburgh (399 miles) at 6 a.m. At what distance from 
London, and at what time, would it be met by a train leaving Edinburgh 
at 10.20 p. m., and travelling 38^ miles an hour ? 

768. The diagonal of a sqiiare is 1210 yards long : how many acres 
does the square contain ? 

769. Find the difl'erence between 70323 of 1 ton and 3-5646 of 1 cwt. 

770. The price of 2 turkeys and 9 fowls is $12.42 and the value of 
a fowl to that of a turkey is as 2 tu 9 ; find the value of a fowl. 

771. An English mile is '2136 of a German mile ; how long do I 
take to walk a German mile at the rate of 4 English miles per hour ? 

772. The dimensions of a room are as 5 : 4J : 3|, find to the nearest 
inch the dimensions of a room containing 6000 cub. ft. 

773. If 22 lbs. of tea at 48c. i)er lb. are mixed with 27 lbs. at 72c. 
and the mixture sold at 66c. per lb., what is the gain per cent. ? 

774. If $40.32 be spent in buying carpet f yard wide at 84c. a yard 
for a room 27 feet long and 16 ft. 9 in. broad, how much of the floor 
will remain uncovered ? 

775. A does | of a piece of work in 4 houi's, B does | of what 
remains in 1 honr, and C finishes it in 20 minutes. How long would 
they have been doing the whole if they had worked together ? 

776. Simplify -L_y^_.Lt^^^^ 

777. If a cubic foot contain 3i3 units of volume, find the number 
of units of area in a rectangle 20 ft. by 300 ft. 

778. By selling tea at $1.20 per lb. a grocer clears Jths of his 
outlay, find the profit per cent, if he sells the same at $1.12 per lb. 

779. If I charge as interest 5c. per $6 per week, how much is this 
per cent, per annum (simple interest) ? 

780. Find by duodecimals the continued product of 11 ft. 7 in. 
7 pts., 5 ft 3 in. 3 pts., 2 ft. 8 in. 11 pts. (&paH=:i\ of an inch). 
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781. Divide $3382.75 among three men, so that the first shall have 
$240 more than twice as much as the second, and the second fonr 
times as much as the third. 

782. A sura of £261. 16s. llrf. is transmitted through Paris to New 
York. £1 is worth 24 fr. •64c at Paris, an.l 6 fr. 23c. are worth 2 
dolkrs 26c. American. Find the value of the sum in dollars. 

„,. Simplify ^ '>^>^-«; + *°^'^^> lc 

784. Add together the circulating decimals '47, SsS, '139867. 
786. If 28 men mow 672 acres in 24 days of 8^ hours each, how 
many hours a day would 120 men take to mow 1080 acres in 9 days ? 

786. A and B undertake to do each J of a piece of work ; A begins 
at 9, B at 10.30, both stop at 12, having done \ of the work ; they 
resume at 1 ; ^ finishes his share at 4 ; when will B finish ? 

787. A money-lender charges $12.50 for the loan of $67.50 for three 
months : what rate of interest per annum does he charge ? 

788. I invest $14970 in the purchase of 3} per cents, at 105 and of 
Z\ por cents, at 97 ; my total income being $500, how much did I 
invest in each stock ? 

789. The diagonal of a square field is 403 yds. 1 ft long : how 
many acres does it contain ? 

790. If 15 vanls 3 qrs. 3 nails of cloth cost $23.80, how much will 
be bought for $5.60 ? (4 nails =1 qr., 4 qrs. =1 yd.) 

791. If iron weighs 7*8 times the same volume of water, find the 
length of a bar of iron 2 ft. 6 in. by 1*7 ft. which weighs 10 tons 
(1 cub. ft. of water =1000 oz.) 

792. Find the value of 14 cwts. 68 lbs. 7 oz. at $64.32 per cwt. 

793. Find the difference between the Simple and the Compound 
Interest on $10,000 for 3 years at 4 per cent. 

794. Divide $115.71 among 11 men, 13 women, and 17 children, a 
woman receiving twice as much as a child, and a man twice as much 
as a woman. 

796. On a model, the scale of which is 6 inches to a mile, what will 
represent the height of Scawfell Pike which is 3212 ft high ? Also 
what will be th«^ distance between two places which on the model are 
seen to be 23*13 inches apart ? 

796. In running a mile race, A can give B 20 yards, and B can give 
G 88 yards : how many yards can A give C? 

797. The o.CM. of two numbers is 173, and the L.aM. is 15224 ; one 
of the numbers is 1384 : find the other. 

798. Find the difference between 1 *80f and 2 •flit 
Find the value of *9^9f of 1 lb. 7 oz. 2 drms. 
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799. A's rate of working is to -B's as ^ to ^ ; ^s to Cs as i to ^ ; 
Ca to X>'s as ^ to f ; how long would they all together take to do a 
piece of work which A can do in 930 hours ? 

800. The diameters of four spheres are as 3*75 : 5 : 6*25 : 7*5 ; prove 
that in volume one of them is equal to the other tliree together. 

801. The Compound Interest on a certain sum for 2 years at 4 per 
cent, exceeds the Simple Interest by $6. What is the sum 'i 

802. Supposing A can give B 20 yards start in a mile race, and 
can give C 40 yards start, how much start can B give (7 in a mile race ? 



803. What must be taken from i + yV oi 2^ to leave 3i of ^ - ^ ? 

804. Express 1 yd. 1 ft. 6J in. as the decimal of ^ of 2 yds. 1 ft. 
4|in. 

806. A rectangular field 176 yards broad is rented for $143.76, being 
an average rent of $17.97 per acre : find its length. 

806. I walk to a certain place and ride back in 6 hrs. 16 min. ; I 
can walk both ways in 7 hrs. ; how long do I take to ride both ways ? 

807. If in a population of a million the births are 1 in 20 and the 
deaths 1 in 30 annually, what will be the population in 5 years ? 

808. A' a income is f of ^'s income ; A' a expenditure is i of ^'s 
income ; ^'s expenditure = ^'8 income ; show they each save the same. 

809. A greengrocer buys a lot of apples at 3 for 2 cents, and twice as 
many at 2 for 1 cent ; he sells them at an average price of 6 for 5 cents: 
find what he gained or lost per cent. 



810. The populations of five parishes are 1236, 452, 364, 516, and 
3430 ; what is the population of a sixth that the average population of 
the six may be 1256*5 ? 

811. Find the weight of a 13-inch iron shell, two inches thick ; the 
weight of a cubic foot of iron being 141 lbs. 

812. It costs $22 to paper a room 18 ft. by 15 ft., 10 ft. high, with 
paper | yd. wide ; find the price of the paper per piece. 

813. Of a certain lot of goods I sell one-fourth at a profit of 5 per 
cent. ; one-third at a profit of 7^ ; how must I sell the remainder to 
gain 15 per cent, on the whole ? 

814. A cask contains 36 gallons of spirits at $3.30 a gallon: how 
much water must be added to the spirit to reduce the price by 60c. a 
gallon ? 

816. By selling cloth at $2.59 per yard, 11 per cent, is gained : at 
what price must the same be sold to gain 23 per cent. ? 

816. If 35 metres are equal to 39 yards, and 17 metres to 9 toises, 
and 5 plethra to 124 toises, how many yards are there in 525 plethra ? 
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gl7 Divide yt£t2|bv-^i±it. 

818. Find the value of 37*23 x -26 of |11.25 ; and divide -0030135 
by -1435. 

819. How many feet in 150 must a road 10775 feet long rise to be 
carried from a plain to a hill 431 feet in perjiendicular height ? 

820. A gives B 5 yds. start in 100 yds. and is beaten by 9 in. : in 
how many more yds. would A have overtaken B ? 

821. If I can make $3 a year more by investing $3645 in 3 per cents, 
at 91^^ than in 3 J per cents., find the price of the latter stock. 

822. If in a box 3 ft. 6 in. by 1 ft. 7 in, by 1 ft. 10 in. I pack 320 
books each 9^ in. by 5 J by | in., what will be the average thickness of 
114 books each 7 in. long by 4 J wide which just fill the box ? 

823. A and B having money in the proportion of 7 to 9, -ff pays J 
of his money to A and receives back f of what A then has, thus leaving 
A with $8 more than B. How much had each at first ? 



824. Simplify ^^ of 2 yds. 2 ft. llj in. 

826. Find the value of 1 ton 11 cwts. 77 lbs. of sugar at $18.06 per 
cwt. 

826. The average daily number of men passing a house on Sunday, 
Monday, Friday, and Saturday is 1765 ; the daily average on Tuesday, 
Wednesday, and Thursday is 1541 : what is the daily average for the 
whole week ? 

827. Find, to the nearest cent, the Compound Interest on $13942.60 
for I year at 3 per cent, per annum payable quarterly. 

828. A town has a water supply of 104 gals, per day per house ; if 
the number of houses is increased by -^yth and the total supply 
diminished by f th, what is now the supply per house per day ? 

829. I have 3 jars, A, By and C, holding 1, 3, and 5 gals, respect- 
ively ; A is empty, B full of water, C full of wine ; I fill -^ from B ; 
I fill up B from (7 and pour the contents of A into C; I repeat the 
process ; how much wine is there now in B1 

830. A coin weighs 3 dwts. 15 grs., of which ^fV^l^s is alloy, the 
rest pure silver : if the value of silver rises 8 per cent, what should be 
the reduction of silver in the coin ? 



831. Find the value of 2*10^-1 -0071 + '56, marking the recurring 
period correctly. 

832. What date was 40,000 days before Sunday, Jan. 1st, 1871 ? 

833. Find the cost of painting the outside of a box 4 ft. 4 in. deep, 
5 ft. long, and 3 ft. 6 in. broad, at 3c. per square foot. 
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884. If 8 per cent, be gained by selling a piece of ground for $5157, 
what would be gained per cent by selling it for $5252.50 1 

836. What per cent, must be deducted for cash from the credit 
price of an article when credit is given for 9 mouths and 5 per cent, 
simple interest allowed ? 

836. A can do a piece of work in 3| days, B in 2^ days, and C in 
^H <i*y8 : in what time will they be able to do it together t 

837. Iron weighs 7*112 times as much as water, and water weighs 
1000 oz. per c. ft. : how many cubic inches of iron will weigh a ton ? 



838. Simplify (I of f + f of 2i)xi^. 

889. If 1296 tiles each 9J in. by 4J in. are required to pave a yard, 
how many tiles each 6 in. square would be required for a pavement 
4-ninths as large ? 

840. If 1 lb. of a metal containing copper and zinc in the ratio of 
•84 to '16 be melted up with 2 lbs. coutaining copper and zinc in the 
ratio of '75 to '25 : how much copper will there be in 1 lb. of the 
resulting metal ? 

841. A and B walk 4 miles and 5 miles an hour respectively, they 
start from the same point to walk round a circle in opposite directions ; 
they meet in 5 minutes : what is the size of the circle ? 

842. A man possesses $16800 Railway Ordinary Stock: what 
income does he receive when there is a dividend of 6^ per cent, and a 
tax of li cents per $1 has been deducted ? 

848. I buy 3 butts of wine, and after mixing them sell the wine at 
$7.50 a dozen, making thereby a profit of 12J per cent. ; the number 
of dozens in each butt is 52 and the i»rice of two of the butts $3668 
and $273^ : find the price of the third. 

844. A. broker in discounting a bill due in 4 months at 8 per cent, 
per annum charges $12.25 more than the true discount : what is the 
amount of the bill ? 



846. Multiply 3901 by -00025634, and 3-47S by -875. 
Divide 3901 by 62-457 to three places of decimals. 

846. A room 22 ft. 9 in. long, 15 ft. 3 in. wide, 11 ft. 6 in. high, is 
papered with paper 1 ft. 11 in. wide at 8c. a yard : find the cost of the 
paper. 

847. If 25 men in 15 days of 10^ hrs. each can build a wall 300 ft. 
long, 1 ft. 9 in. broad, and 7 ft. 6 in. high, how high a wall 849 yds. 
long, 9 in. broad, could 283 men build in 5 days of 9 hrs. each ? 

848. An army lost 18 per cent, by sickness, then 14 per cent, of the 
remainder in battle, and then contained 84,624 men : what was the 
original number i 
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849. The whole time occupied by a train 150 yds. lonff in crossing 
a bridge at the rate of 25 miles an hour is 20 seconds : find the length 
of the uridge. 

850 The net income of an estate after deducting 12 7o ^or repairs, 
8 7o o^ ^^^^ remainder for collection and then $1 in $30 on the rest for 
miscellaneous expenses, is $1547.15 : iind the gross income. 

861. If 4 oz. of gold 17 carats fine (i.e. 17 out of 24 pai-ts) are mixed 
with 6 oz. of gold 1 4 carats fine, how much gold will there be in an 
ornament made from the compound and weighing 3J oz. I 



863. Simplify SJ x ^ + ?J— ^- 2J^6f . 

863. Find the sum, difference, and product of 'f 6l and 1 *0S. 

864. If sugar sold at 7c. per lb. give a profit of 12 per cent., at 
what price per ton must it be sold to gain 15 per cent. ? 

866. A log of timber is 18 ft. long, 1 ft. 4 in. wide, and 15 in. 
thick : if a piece containing 2} cubic feet be cut off from one end, what 
length will be left ? 

866. The true discount on 86472 due in 3 months is $72 : find the 
rate per cent per annum ; at what rate would the banker's discount 
for the same sum be $72. 81 ? 

867. The price of diamonds per carat varies as their weight : if a 
diamond of 2 carats costs $160, what weight is a diamond worth $1000 ? 

868. Ay B, and G walk 4, 4^, and 5 miles an hour respectively; 
they start from the same point to walk round a circle, C walking in 
the opposite direction to A and B ; G meets A one minute after pass- 
ing B ; what is the size of the circle ? 



869. Divide 12345 by 252 by short division, explaining how you 
determine the remainder. 

860. Three men whose strides are respectively 2 ft. 9 in., 3 ft., and 
3 ft. 3 in., walk a mile together : how often are they in step % 

861. The area of the floor of a room 21 ft. long 10 ft. 6 in. high is 
■j^^ of the area of the four walls : find its breadth. 

862. 13 men working 6 days, 8 women working 5 days, and 5 boys 
working 4 days earn between them $122.10 ; the daily wage of a man, 
a woman, and a boy are as 5 : 3 : 2 : what does a man get ? 

863. Divide $105 among 8 men, 7 women, and 23 children so that 
each man may have as much as a woman and two children together, 
and each woman may have as much as three children. 

864. Which is the better investment, the 10 per cents, at 21 If or 
the 2 per cents, at 42J ? "Which is the better investment if \ per cent 
is paid for brokerage ? 
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866. How long would a colamn of men extending 3420 feet in 
length take to inarch through a street a mile long at the rate of 58 
paces a minute, each pace being 2^ feet ? 



866. State the rule for determining if a vulgar fraction will reduce 
to a recurring decimal, and apply it to the fractions ^J, ^, \^, 

867. If 15 per cent, is lost by selling a picture for $637.50, what 
should be the price that only 5 per cent, may be lost ? 

868. Two brothers receive respectively ^ and -^ of an estate ; the 
difference of their shares is $209 : find the value of the estate. 

869. If 9 oz. of gold 10 carats fine, and 5 oz. 15 carats fine be mixed 
with 7 oz. of unknown fineness, the mixture is 14 carats fine : what is 
the unknown fineness ? [See Question 941.1 

870. A runs at the rate of 12 and ^ of 13 miles per hour ; in a race 
B wins by 15 sees. : how long is the race ? 

871. A sphere of lead 3 in. in diameter is recast into three other 
spheres, two of which are IJ in. and 2 in. in diameter: find the 
diameter of the third. 

872. A and B leave Bristol together for London (119 miles), riding 
16 and 17 miles per hour respectively ; Cleaves London for Bristol at 
the same time, riding 19 miles per hour : find how many minutes 
elapse between the times at which C passes A and £, 



873. Find the difference between 4*S857l4 sq. ft. and '142857 sq. 
yds. 

874. If the premium on fire insurance be 13c. per $100, what sum 
has to be paid on $2162.70 ? 

875. A man invests $21000 in the Russian 6 per cents, at 87i, 
which he sells out at 85 and invests the proceeds in Railway 6 per 
cent. Debentures at 127J : find the change in his income. 

876. Find how much cardboard is required to make a cubical box 
and its cover ; the edge of the box is 9 in., and the rim of the cover 
extends 3 in. deep down each side. 

877. If a cent be the interest on 48 cents for a month, what is the 
rate per cent, per annum ? 

878. If 175 men and 240 boys do in 1330 days the same amount of 
work as 603 men and 1005 boys in 350 days, compare the average 
daily work of a man and a boy. 

879. Aj B, and G ride 16, 17, and 18 miles per hour respectively ; 
A and B start from London and C from Bristol at the same time ; C 
passes A 6 minutes after passing B : how far is it from London to 
Bristol ? 
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880. Find the greatest prime number which, used as divisor of 
68130, will leave remainder 27. 

881. Af £t liiid C together purchased a ship ; A paid for f of the 
ship, B paid for f , and C paid $2000 : wliat did A pay 1 

882. On what day of the week will February 10th fall in the years 
1960 and 2060 ? 

885. From an account for $32.25 due 18 months hence a tradesman 
deducts $2.25 for cash payment, at what rate per cent Simple Interest 
is the tnie discount calculated t 

884. If 8 men do as much work as 14 women, and 5 women do as 
mucli as 9 children, divide $67.50 among 4 men, 6 women, and 9 
children. 

886. If the rate of exchange between England and Turkey be 51 
shillings for 5 ducats, and between England and France be Ss. 6d. for 
lOi francs, find the value of 126 francs in ducats. 

886. A man bought apples at the rate of 3 for Ic, and an equal 
number at 5 for Ic. : what profit per cent did he make by selling them 
again at 5 for 2c. ? 



887. Find approximately the length of the diagonal of a square 
field which contains 8 acres. 

888. Five men can do a piece of work in 2 hours which six women 
could do in 2^ hours, or eight children in 5 houra : how long would a 
party made up of a man» a woman, and 8 children take to do it ? 

889. A runs a 2-mile race with B and loses ; had he run a third 
quicker he would have won by 22 yards ; compare their speeds. 

890. If 60 c. m. of lead with 54 c. m. of cork weigh as much as 
1538§ c. m. of deal, and the weights of equal volumes of lead and deal 
are as 11 '324 : '46, what number represents an equal volume of cork ? 

891. Find by duodecimals the height of a room 15 ft. 1 in. 3 pts. 
by 8 ft. 7 in. 4 pts. which contains 812 cub. ft 1551^ cub. in. 

892. In running a 3-mile race on a circular course of ^ of a mile, A 
overlaps B at the middle of the 7th round ; by how much will A win 
at the same rate ? 

893. If 1 candle 8^ in. long cost 3c., and 3 candles of the same size 
and quality 10^ in. long cost lie, what is the saving per cent, in 
buying the one instead of the other ? 



894. Find the h.c.f. and l.c.m. of 111540, 296352, 404352. 

896. Find by duodecimals the volume of a stone 3 ft. 4 in. 5 pts. 
by 4 ft 3 in. 7 pts. by 1 ft 1 in. 

896. Find to the nearest lb. the error in calculating the weight 
of 1000 cub. ft of pure water on the assumption that 1 cub. ft weighs 
1000 ounces. 
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897. A bag contains 300 coins, sovereigns, half-crowns, and 
shillings; the value of the half-crowns and shillings = that of the 
sovereigns ; the number of sovereigns = § that of the half-crowns ; how 
many shillings are there ? 

898. I have tea which cost 96c. and some which cost 81.32 per lb.; 
how must I mix them so that by selling at $1. 38 per lb. I may make a 
profit of 15 pep cent. ? 

899. I want to buy a certain number of apples for a certain sum ; 
if I buy at the rate of 2 for a cent, I shall spend 10 cents too much; if 
at the rate of 5 for 2 cents, 20 cents too little ; what is the sitm ? 

900. Find the ratio of a kilogram to a pound (Avoir. ) taking the 
weight of 36 c. ft. of water to be a long ton and 8 metres = 31 5 inches. 

901. A man who receives $3018 interest from a certain amount of 
3 per cent stock, sells out and so realises $90037 : at what price is 
stock selling ? 

902. A can do a certain piece of woik nlone in 8 days, and B the 
same in 5 ; after working 2| days they are joined by C, iind just finish 
it by the end of that day : how long would take to do it alone ? 

903. A clock which gnins 2 J minutes in 24 hours is 3 minutes slow 
at noon on Sunday : when will it indicate correct time, and what will 
it indicate at 6 o'clock on Monday evening ? 

904. If 4 men and 14 women can do a piece of work in 6 days which 

5 men and 7 children can do in 8 days, or 5 women and 4 children can 
do in 14 days, find (i) how many men, (ii) how many women, (iii) how 
many children could do the work in one day. 

905. The volumes of spheres are in proportion to the cubes of their 
radii : the radii of two sjiheres are in the ratio of 4 to 5 ; and the 
weights of equal portions of the smaller and larger spheres are as 12 : 7 ; 
given tliat the weight of the smaUer sphere is 256 lbs., find the weight 
of the larger. 

906. Two equal wine-glasses are respectively one -half and one- 
third full of wine ; they are then filled up with water and the contents 
mixed ; half the mixture is then poured back into one of the wine- 
glasses : what part of the contents of that glass will be wine and what 
part water ? 

907. A cubic inch of a certain wood weighs 6^ drams: a piece, 
measuring 4iV in. long, 2^ in. broad, and 1 in. thick, was cut into 
matches 2 in. long and ^ in. thick both ways ; the waste and sawdust 
weighed 9fJ drams : how many matches were made ? 

908. One clock gains 2 minutes in 3 days, another loses 6 minutes in 

6 days : if they are set right at 12 o'clock to-day, when will their times 
differ by a quarter of an hour ? 

909. Supposing the alloy in a half-dollar to be yV ^^ ^^^ mass, and 
the coin to be worth a cent if it were all alloy, what would be its exact 
value if it were all pure silver ? 
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910. A^ B, C wor&ing together can mow a field in 3 days : when B 
and C work together they take 4 J days, while A and B observe that 
after working together half a day ^ of the field is done : find how long 
each would be working alone. 

911. A starts from Cambridge at 3 p.m. to meet a carriage which 
left London at 1.30 p. m. ; A walks 4^ miles an hour, and the carriage 
goes 8^ miles an hour : the distance being 51| miles, when and where 
will A meet the carriage ? 

912. In a game at fives, out of 15 points A can give ^3; also A 
can give CI points : how many points can B give C so as to make an 
even match ? 

918. A and B run a mile in opposite directions : ^'s running is to 
Es as 64 : 54 ; B gets 4 seconds start, during which time he runs 
12yV yards: find when he will pass A, 

914. Divide $78.66 among -4, B, C so that A'% share may be to B's 
as 4 : 3 and ^'s to (T's as 10 : 17. 

915. One boy runs 300 yards and another 285 yards in 1 minute. 
How many yards start must the second have so that they may run a 
dead heat in a mile race ? 

916. The premium on my life insurance is 15 per cent, of my income ; 
after deducting this I pay a tax of 34 cents, per $1, and my net income 
is then $4930 ; what is my gross income ? 

917. Two sums of money are to be divided among 3 persons, the 
first sum equally, and the second in the proportion of 3 : 5 : 8 ; the 
first two receive $67.25 and $84.75 respectively ; what does the third 
receive ? 

918. If 8 men can sink a well 6 feet in diameter, 48 feet deep in 
20 days of 8 hours each, how many nights of 9 hours each will 3 men 
be in sinking a well 4 feet in diameter, 225 feet deep ; the difficulty of 
working by night being one-eighth greater than by day, the hardnets 
of the ground in the latter case being tjo that of the former as 9 : 5 ? 

919. Find the Simple Interest on $333. 334 in 34 years at 34 per cent. 

920. The weights of gold and silver are respectively 15 times and 
8 times that of equal volumes of water ; a bar of gold a foot long and 
1 in. square weighs 8*38 lbs. ; find the weight of a bar of silver 10 in. 
by 4 in. by 3 in. 

921. Determine the present value at 4 per cent. Compound Interest 
of an annuity of $500 payable for throe years, the first payment being 
due in a year's time. 

922. A retail dealer adds 10 per cent, of water to the pure spirit he 
buys and sells tlie mixture at a price 10 per cent, greater than the cost 
price of pure spirit ; find his profit per cent. 

923. Prove that Compound Interest reckoned quarterly at $1,227 
per cent, is very nearly equivalent to interest reckoned yearly at 6 per 
cent. 



I 
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924. The price of gold is $18.69 per ounce; the value of a 
mixture of silver and gold weighing 216 ounces is $824.40 ; but if the 
weights of the silver and gold were interchanged the value would be 
$3478.32 ; find the weight of silver in the mixture and the price 
per ounce. 

926. A can do 2^ times and ^1^ times as much work as (7 in a day. 
A and Care employed together for 10 days on a piece of work, which 
they could finish in 12 days ; but A is now taken off and B put on ; 
when will the work be finished ? 

926. Find the smallest sum which can be divided between four 
persons in proportion to the reciprocals of 4, 5, 6, 7, so that each may 
receive an exact number of shillings. 

927. Show (without actually working it out) that tV expressed as a 
recurring decimal cannot have a period of more than 42 digits. 

928. A watch has a seconds hand on the same axis as the hour 
hand ; the hour hand, the minute hand, and the seconds hand are 
together at noon ; show that they are never together except at noon. 

929. Prove the following rule for determining whether a number 
is divisible by 99. Separate the digits into pairs beginning at the 
units' figure, and add together the numbers thus formed ; separate the 
digits of the resulting number as before, and again add, and so on ; if 
the number is divisible by 99 the result is at last 99. 

930. A man embarks his whole property in four successive ventures ; 
in the first he clears 100 per cent., and in each of the others he loses 
20 percent.; show that there remains to him 2 '4 per cent, profit on his 
original outlay. 

931. A number of men can be formed either into a solid square, or 
into a hollow square 9 deep having 970 men in the front rank of each 
side ; how many men are there in each side of the solid square ? 

932. The areas of the faces of a rectangular solid are 9 sq. ft.> 
16 sq. ft, 25 sq. ft respectively ; find the contents of the solid and the 
length of each edge. 

933. Two cogged wheels work together, there being 82 cogs in one 
and 36 in the other ; the larger wheel makes 64 revolutions per second ; 
how often are the same cogs in contact during 6 working days of 
10 hours each ? 

934. I purchase $5440 stock at 126} ; the stock is then changed 
into an annuity of $5§ for every $100 stock. I sell this annuity at 
$24 1 for each $1 of annuity ; what profit do I make ? 

935. The work of 3 men is equal to the work of 5 women, or to the 
work of 7 boys ; 3 men, 3 women, and 8 boys together complete two- 
thirds of a certain work in 7 days, working 8J hours a day ; how long 
will it take 4 men, 11 women, and 7 boys to finish the work, working 
9 hours a day ? 

936. A man buys a certain number of apples at 3 for 2c. and thrice 
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at many at 2 for Ic; he sells them at an average price of lOc per 
dozen ; what does he gain or lose per cent. I 

957. I loitk at my watch between 4 aud 5 ; on looking again between 
7 and 8 the hands have exactly changed places ; at what time did 1 
first look at my watch ? 

958. A hare is 500 leaps before a greyhound, and takes 4 leaps to 
his 3, but 2 of the greyhound's leaps are as much as 3 of the hare's ; 
in how many leaps will the greyhound catch the hare ? 

959. 1 lb. of tea and 3 lbs. of sugar cost together $1.50; if sugar 
were to rise 50 per cent and tea 10 per cent in price they would cost 
$1.76 ; find the price of tea. 

940. In a mile race A starts at 270 paces of 48 inches per minute, 
and B at 300 paces of 44 in. per min. ; after 4 min. A quickens his 
I>ace to 320 per min. ; which wins, by how much, and in what time ? 

941. If 7 oz. of gold 22 carats fine, 12} oz. 21 carats fine, and 17 oz. 

19 carats fine are melted together, what is the fineness of the com- 
pound? [N.B. — 21 carats fine means 21 parts of pure gold to 3 of 
alloy; there are always 24 parts, or carats, of compound.] 

943. A man bought 76 sheep ; he sold a quarter of them at 15 per 
cent profit, and the remainder at 20 per cent, profit, and realised 
$902.50; what did he give for each sheep? 

943. A train 352 feet long overtakes a man walking in the same 
direction at the rate of 4 miles an hour, and passes him completely in 
15 seconds ; when going at the same rate the train passes another man 
in 9 seconds ; at what rate is the second man walking ? 

944. The dimensions of a rectangular box are as 2:3:4, and 
the difference between the cost of covering it with sheet lead at 16c. 
and at 17c. per square foot is $1.17 ; find its dimensions. 

946. Two men run a 3 mile race I'ound a course of y'^ of a mile ; 
their rates are as 4 : 3 ; how often and where do they pass each other ? 

946. What quantity of metal will be required to make a hollow 
spheiical ball, the external diameter being 18 in. and the thickness 
44in. ? [See Art 154.] 

947. In Fahrenheit's thermometer the freezing and boiling points 
are 32** and 212** respectively ; in the Centigrade thermometer they are 
0** and 100" respectively. What' temperature Centigrade corresponds 
to 65" Fahrenheit ? 

948. The pressure of compressed air varies inversely as the volume ; 
the pressure on the inner surface of a cylinder fitted with a piston is 

20 lbs. on each sq. in., and when the piston is forced in 2 in. the 
pressure becomes 30 lbs. on each sq. in. : what is the length of the 
cylinder ? 

949. The map of a country is drawn on a scale of ^ of an inch to a 
mile ; what area on the map will represent 4000 acres ? 

950. A hollow circular cylinder stands on a solid cubic pedestal 
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of the same maferial, whose edge is 6 ft. ; the internal and externnl 
diameters of the cylinder are 4 and 5 ft. ; the weight of the cylinder 
is the same as that of the pedestal : find its height. 

961. A conti*act(>r undertakes to execute a certain work in a given 
time ; he employs 55 men, who work 9 hours daily ; when } of the 
time has expired he finds that only f of the work is done ; how many 
men must he now employ 1 1 hours a day to fulfil his contract ? 

962. At B, and C can do a piece of work in 60 days ; after they 
have worked for 10 days A withdraws, and B and C continue working 
at the same rate for 20 days ; B then withdraws, and C completes the 
work in 96 days, working J longer each day. Working at his former 
rate C could do the work in 222 days ; in how long can B alone do it ? 

968. A coin weighs 87 grains, of which 3 parts out of 40 are alloy, 
the rest being pure silver ; if the value of silver rise 8 per cent., what 
must be the reuuction of pure silver in the coin ? 

964. Mercury expands ^vl^jf of its volume for every degree (Fahren- 
heit) of temperature ; find the weight of a column of mercury 6 in. 
high and three-fourths of a sq. in. in section at a temperature of 70", 
assuming the weight of a cub. ft. of water at 60** to be 1000 oz., and 
mercury at the same temperature to weigh 13*6 times water. 

966. A man sells an article at 4 per cent, profit ; if he had bought 
it at 4 per cent, less, and sold it for 20 cents more, he would have 
gained 10 per cent. ; what was the cost price ? 

966. A man has $5000 stoK'k in the 3 per cents, which he invests in 
the 3^ per cents, at 87^, thus increasing his income by $5 ; what is the 
price of the 3 per cents. ? 

967. A tradesman's prices are 12 per cent, above cost price ; and he 
allows a discount of |2.10 on a bill of ^3.60 ; what is his net profit 
per cent. ? 

968. A fessel of 24 gallons is full of water ; another of 12 gallons 
is full of wine ; one gallon is taken from each and then poured into 
the other ; this is done three times ; how much wine will the vessels 
then respectively contain ? 

969. Two clocks strike 9 together on Monday morning ; on Tuesday 
morning one is 8 min. to 11 when the other strikes 11 ; how much 
must the first be put on thjt they may both strike 9 together in the 
evening ? 

960. In Reaumur's thermometer the freezing and boiling points 
are respectively 0" and 80"*; when the Centigrade stands at 5" below 
zero where will (i) the Fahrenheit, (ii) the Reaumur's stand? [See 
Question 947.] 

961. The mean temperature from the 9th to 15th January 1877, 
both included, was 36-6*', and from the 10th to the 16th it was 39-9°; 
the mean temperature on the 9th was 30 '50° ; what was it on the 16th ? 

992* A train starts full of passengers ; at the first station it drops 
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) of these and takes in 96 more ; at the next station it drops } of the 
new total and takes in 12 more ; on reaching the third station there 
are found to be 248 left ; what number started ? 

963. A man's income from 5 per cents, after paying a tax of 2} per 
cent, on his income is $2925 ; he sells out at 115, and invests in the 
4 per cents, at par. Find the change in his net income (allowing for 
the tax). 

964. A rectangular iield contains 6 a. 132 p., its length is to its 
width as 21 to 13 ; how many rods of fencing are required for it ? 

966. A tradesman asked a price for a watch which was 40 \)er cent 
above cost, and gave the purchaser 10 |ier cent, discount on the price 
asked, gaining thereby $2.60 ; what was the cost price ? 

966. Two rods each a foot long are divided, the one into ten equal 
parts, the other into 11 equal paits. They are placed side by side so 
that the seventh points of division in each coincide. What is the 
distance between their extremities ? 

967. A can do as much work in 3 days as B can do in 4 J days ; 
B can do as much in 9 days as C in 12 ; and C can do in 10 days 
what D can do in 8. How many days' work of J) are equal to 5 days' 
work of A ? 

968. Aj B, and C can do a ^iece of work in 12 hours ; A and B 
can do it in 16 hours ; A and C in 18 hours. What part of the work 
can B and C do in 9f hours ? 

969. There are 70 bushels of grain in two bins, and in one bin 
there are 10 bushels less than f as much as there are in the other. 
How many bushels are there in the larger bin ? 

970. How much per cent profit must a tradesman charge, so that he 
may allow 5 % of his sales for bad debts, an average credit of 6 months, 
and 4 % of the cost of his goods for expenses, and may Qiake a net 
profit of 10 % on the cost price, money being worth 7 % per ann. ! 

971. Gold weighs 19*3 times and copper 8*89 times as much as 
water; how many times as heavy as water is a coin containing 11 
parts of gold and 1 of copper ? 

972. W^hat must be the market price of 3 per cent, stock, that it 
may give 3^ % interest after deducting 35c. in every $12. 

973. An eight gallon cask is full of brandy, and a ten gallon cask 
is full of water ; how much must be transferred from one cask to the 
other that the mixture may be of equal strength ? 

974. Determine the depth of a conical glass 2 in. in diameter across 
the top, that 12 of them may contain a pint {N.B. — The volume of 
a cone is ' one-third the height x area of the base. ') 

975. The difference between the Interest for 4 months and Discount 
on a certain sum due in 4 months, at 4 % is $1 ; wliat is the sum ? 

976. Two clocks begin to strike twelve together ; one strikes it in 
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28 seconds, the other in 25 seconds ; what is the interral between their 
fifth strokes ? 

977. If 22 oxen eat 33 acres of grass in 54 days, and 17 oxen eat 28 
acres of similar pasture in 84 days (the grass growing uniformly, and 
there being the same amount of grass per acre to begin with) ; how 
many oxen will exhaust 40 acres in 24 days ? 

978. I invest half of a certain sum in the 3 per cents, at 92 and 
the rest in 3} per cents, at 98 and receive $55 as income ; find the sum. 

979. Af By and Care three towns on a river (which flows uniformly) 
and B is equidistant from A and C ; I can row from A to B and back 
in 5J hrs., and I can row from A to C in 7 hrs. ; compare the speed of 
my boat in still water with that of the river. 

980. A clock set right at noon indicates 3 minutes past 6 at 
6 o'clock, at what time does it indicate 6 o'clock ? 

981. A is four years more than twice as old as ^ ; if they both live 
for 10 years more A will be 45 years less than thrice as old as B ; find 
their present ages. 

982. Divide $2174 among Ay By and C, so that A may receive $40 
more than a third of what B receives, and C may have as much as A 
and B together. 

983. Ay By and C run in a mile race ; A beats B by 20 yds., and 
by 40 yds. ; by how much would B beat C in a half-mile race, sup- 
})Osing the speeds at which each man runs a mile and a half-mile re- 
spectively are in the ratio of 8 to 9. 

984. I can obtain $6 more per annum by investing a certain sum 
in 5 per cents, at 128J than in the 3 per cents, at 81 ; what is the sum ? 

986. A spherical balloon contains 28974*25 cub. ft. ; find to the 
nearest yard the number of sq. yds. of silk required to make it. 
[Art 154.] 

986. A gasholder is to be constructed in the form of a circular 
cylinder, such that the radius of the circle is to be equal to its height ; 
find its dimensions that it may contain 100,000 cubic feet of gas. 

987. A town increases at the rate of 2*5 ]»er cent, every year ; it has 
now 68921 inhabitants ; how many had it 3 years ago ? 

988. A train increases its average speed per minute 10 per cent, 
every minute ; in 4 minutes it travels 1547 yds. ; how far did it travel 
in the first two minutes ? 

989. I buy two horses for $450, and sell one so as to lose 4 per cent, 
and the other so as to gain 5 per cent. ; and on the whole I neither 
gain nor lose ; what did each horse cost ? 

990. A cube of lead whose edge is 10 inches is wholly immersed in 
a cylindrical tub partly filled with water, whose internal diameter is 
18 in. ; how much will it raise the water in the tub ? 

991. The time of oscillation of a pendulum varies as the square 
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root of its length, and the pendulum which beats seconds is 39*1375 in. 
long ; how many times per hour will a pendulum 1 yd. long oscillate ? 

992. Supposing sound to travel 1120 ft. per sec, at what distance 
from a reflecting obstacle ought I to staud when pronouncing 10 
syllables in a second that the echo may repeat the last four syllables ? 

993. At Compound Intei*est, the Interest on a certain sum for the 
first year is $140| aud for the second year $147 ; find the Interest for 
the third year. 

994. Find the surface of a cube which contains 5268*024 cub. in. 
996. For what sum should a house worth $9000 be insured at ^ 

per cent, that in case of fire the owner may receive the value of the 
nouse and 1 year's premium ? 

996. Find to three significant figures the radius of a solid sphere 
of iron of the same weight as a lead sphere whose radius is 4*25 in., 
the densities of lead and iron being as 11 '3 : 7 '2. 

997. Given that 27*7274 cub. in. of water weigh 1 lb., and that 
ice is *93 times as heavy as water, find to the nearest inch the edge of 
a cube of ice weighing 1 ton 2 cwt 40 lbs. 

998. A man sold a house at a loss of 20 per cent. ; if he had 
received $300 more for it he would have gained 10 per cent.; what 
did the house cost him ? 

999. The ratio of the interest to the true discount on a certain sum 
for a certain time at a certain rate per cent, per annum is 21 to 20 ; 
find the rate per cent. 

1000. The population of a certain town increases at a certain rate 
per cent, per annum ; now it is 194,481 ; four years ago it was 
160,000 ; what will it be 2 years hence ? 

1001. The published price of a book is 40| per cent greater than 
the price charj^ed to a bookseller for a single copy ; when taking a 
quantity the bookseller gets 13 copies as 12 ; find his profit per cent, 
if he allows to purchasers a discount of 25c in $1 (i) when he buys a 
single copy, (ii) when he takes a quantity. 
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I. Page 6. 

1. Hundred, ten, one ; 3, 4, 7. 2. Thousand, hundred, ten, one ; 

4, 2, 8, 1. 3. Ten thousand, hundred, ten ; 6, 2, 2. 4. Million, 
hundred thousand, ten thousand, thousand, hundred, ten ; 4, 2, 3, 1, 

5, 9. 6. Ten million, million, thousand, ten ; 2, 3, 4, 1. 6. Hundred 
million, million, ten thousand, one ; 4, 1, 3, 6. 7. Hundred million, 
ten million, hundred thousand, thousand, ten ; 2, 1, 4, 2, 3. 8. Ten 
million, ten thousand, one ; 9, 4, 1. 



II. Page 7. 

1. Four thousand seven hundred and twelve. 2. Five hundred 
and seventy-six thousand three hundred and twenty-one. 3. Fifteen 
thousand two hundred and sixteen. 4. Eight million nine hundred 
and seventy-six tliousand four hundred and tweiity-one. 5. Six 
hundred and sixty-six thousand six hundred and sixty-seven. 6. 
Eighty-seven million six hundred and fifty-four thousand three 
hundred and twenty-one. 7. One hundred and twenty-three million 
four hundred and fifty-six thousand seven hundred and eighty-nine. 
8. Twelve thousaud three hundred and forty -five million six hundred 
and fifty-four thousand three hundred and twenty-one. 9. Eleven 
million one hundred and eleven thousand one hundred and eleven. 
10. Nine hundred and ninety -nine thousand nine hundred and 
ninety-nine. 11. Forty-one million three hundred and sixty-five 
thousand one hundred and twenty-three. 12. Eiglit thousand six 
hundred and fourteen million five hundred and thirty-one thousand 
two hundred and thirty-six. 
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III. Page 8. 

I. 1001. a. 900. 8. 21,006. 4. 4000. 5. 600,000. 6. 60,000. 
7. 406,000. 8. 6,000,000. 9. 4,005,000. 10. 20,000,000. 

II. 70,001,000. la. 2,000,000,000,050. 13. 609,001,200. 
14. 4,000,900,000. 15. 100,000,010,000. 16. 900,900,900,090. 

17. Forty. 18. Eight hundred. 19. Seven thousand. 20. Six 
hundred and one. 21. Seventy thousand five hundred. 22. Eight 
hundred thousand one hundred and two. 23. Four hundred and 
ten thousand. 24. Seven million ninety thousand seven hundred 
and nine. 25. Eighty million eighty thousand and eighty. 26. 
Forty-five million sixteen thousand. 27. Eight hundred nnillion 
one hundred thousand and ten. 28. Seven hundred and eighty 
million nine hundred and seven thousand eight hundred and twelve. 
29. Eight thousand one hundred and ten million one hundred and 
one thousand. 80. Sixty-six million six hundred thousand and 
sixty-six. 81. One thousand and ten million one hundred and one 
thousand and ten. 32. Eight thousand and seventy million sixty 
thousand and ten. 33. Four hundred million. 84. Four 
thousand and fifty million, sixty thousand. 

IV. Pages 11, 12. 

1. 148. 2. 303. 8. 617. 4. 2148. 5. 1,088,064. 6. 136,559. 
7. 1,715,608. 8. 4,417,919. 9. 21,622. 10. 185,880. 11. 711,768. 

12. 11,137,929. 13. 2,550,739. 14. 17,731,625. 15. (a) 72,720 ; 
(fc) 147,720. 16. 33,884,848. 17. 8,990,081. 18. £18,071,192. 
19. 2,148,724,911 dollars. 

V. Page 14. 

1. 40. 2. 429. 8. 82. 4. 689. 5. 98. 6. 29. 7. 355. 8. 606. 

9. 339,884. 10. 767,855. 11. 776,124. 12. 1. 13. 47,488. 
14. 8,889,999. 16. 999,999. 16. 111101. 17. 7202. 18. 951,691. 
19. 4190. 20. $3640. 21. 37875 pounds. 22. 33,691. 28. $61,950. 

VI. Pages 15, 16. 

1. 8352. 2. 251. 3. 71. 4. 628. 5. 6426. 6. 27. 7. 2372. 

8. 65,911. 9. 48,910. 10. 513,583. 11. 8590. 12. 23,822. 

13. 922,177. 14. 6132. 15. 1556. 16. 17,569. 17. 499. 

18. $1335. 19. $14,790. 
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VII. Pages 20, 21. 

1. 63. 2. 144. 8. 729. 4. 315. 5. 34,741. 6. 703,448. 

7. 496,120. 8. 1,051,320. 9. 141. 10. 208. 11. 1212. 

12. 3384. 18. 38,070. 14. 934,252. 15. 6,703,400. 16. 73,000. 

17. 471,300. 18. 88,020. 19. 8,018,100. 20. 3,232,000. 21. 2961. 

22. 2655. 23. 3723. 24. 1,908,864. 26. 33,239,080. 

26. 48,269,334. 27. 1,807,616. 28. 107,731,082. 29. 16,884,764. 

30. 28,451,501. 31. 327,407,970. 32. 734,267,385. 33. 46,288,242. 

34. 330,497,032. 35. 176,862,716. 36. 77,629,290. 37. 87,781,368. 

38. 58,443,264. 89. 60,546,748,460. 40. 288,922,236,841. 

41. 3,993,290,527,404. 42. 213,202,597,608,000. 48. 479,129,472. 

44. 7,623,359,510. 45. 333,264,634,710. 46. 76,214,177,695. 

47. 202,982,874,624. 48. 63,698,507,715. 49. 56,093,959,429. 

50. 188,311,316,733. 51. 9,869,619,144. 52. 16,789,079,014. 

53. 159544 yds. 54. $5820. 55. 24,297,000; 1,266,915,000. 

66. 289,240 ; 15,081,800. 57. 16,632,000,000. 



VIII. Page 22. 

1. 645. 2. 8547. 8. 6555. 4. 8262. 6. 4440. 6. 49,893. 

7. 11,496. 8. 68,944. 9. 13,365. 10. 81,270. 11. 2765. 

12. 96,228. 13. 149,688. 14. 593,712. 16. 40,095. 16. 52,218. 

17. 378,756. 18. 1,094,100. 19. 1,200,240. 20. 3,856,600. 

21. 223,000. 22. 111,375. 23. 1,175,328. 24. 2,899,962. 

26. 594,347. 26. 451,256. 27. 12,517,442. 28. 11,633,490. 

29. 59,428,016. 80. 144,145,091. 31. 8,004,078. 32. 32,337,202. 

33. 9,036,624. 34. 12. 36. 57. 36. 2141. 37. 17,084. 38. 20,111. 

39. 73,258. 40. 92,686. 41. 65,560. 42. 9144. 48. 37,376. 

44. 77,430. 45. 37,577. 46. 20,777. 47. 43,782. 



IX, Page 24. 

1. 6. 2. 12. 3. 12. 4. 27. 6. 24. 6. 25. 7. 250. 8. 150. 

9. 17. 10. 157. 11. 12. 12. 20. 13. 7833, rem 2. 14. 544,44, r 3. 
15. 458,161, r 7. 16. 875,000. 17. 5,346,680, r 5. 18. 1,556,671, r 7. 
19. 9347, r 37. 20. 46,321, r 95. 21. 4725, r 111. 22. 91, r 178. 
28. 13,717, r 37. 24. 18, r 3000. 
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X. Page 26. 

1. 162, rem, 19. 2. 19, r 81. 8. 173, r 21. 4. 13, r 32. 5. 242, r 21. 

6. 123, r28. 7. 646, r34. 8. 645, r 86. 9. 685, r48. 10. 4927, r22. 

11. 8280, r 20. 12. 4592, r 76. 18. 1370. 14. 6768, r 84. 

15. 9781, r 33. 16. 8117, r 16. 17. 3243, r 41. 18. 1386, r 55. 

19. 64, r 46. 20. 62, r 16. 21. 15, r 150. 22. 290, r 148. 

28. 319, r 11. 24. 93, r 64. 26. 81, f 177. 26. 21, r 21. 

27. 141, r 188. 28. 126, r 233. 29. 134, r 209. 80. 196, r 428. 

81. 79, r 320. 82. 114, r 649. 88. 132, r 371. 34. 72, r 643. 

86. 176, r 426. 86. 71, r 20. 87. 398, r 1374. 38. 239, r 12. 

89. 652, r 1080. 40. 416, r 1560. 41. 27, r 1261. 42. 416, r 1184. 

43. 969, r 2513. 44. 148, r 1791. 45. 1006, r 4532. 

46. 2337, r 3618. 47. 4681, r 582. 48. 128, r 4543. 

49. 1006, r 6538. 50. 8787, r 1988. 51. 11171, r 4593. 
52. 12,030, r 34,846. 58. 11,961, r 6276. 54. 30,878, r 192,391. 
55. 17,767, r 360,802. 56. 27027, 42598. 57. 80. 58. 126 boxes. 
59. 596. 60. 656. 61. 83. 62. 4681 times. 

XI. Page 27. 

1. 2063. 2. 492. 8. 111. 4. 473. 5. 738. 6. 609. 7. 7065. 

8. 7065. 9. 23072. 10. 27. 11. 528. 12. 7198. 18. 1111, r 6. 

14. 201, r 20. 15. 432, r 100. 16. 606, r 16. 17. 5206, r 118. 

18. 330, r 111. 19. 3651, r 72. 20. 708, r 79. 21. 436, r 46. 

22. 940, r 40. 28. 595, r 40. 24. 472, r 124. 25. 1086, r 41. 

26. 2903, r 107. 27. 1583, r 191. 28. 40, r 687. 29. 150, r 373. 

50. 1834, r 246. 81. 284, r 84. 32. 46, r 725. 83. 1770, r 451. 
84. 2233, r 312. 85. 26, r 760. 86. 74, r 271. 

XII. Pages 28, 29, 30. 

1. 1777. 2. 2488. 3. 93. 4. 6237. 5. 9324. 6. 3663. 7. 19. 

8. 125, r 195. 9. 19. 10. 98. 11. 1544. 12. 51,600 days. 
13. $15. 14. $328085. 15. 625. 16. $2160. 17. 343 trees. 
18. 16 acres. 19. 259 sheep. 20. $83700. 21. $1400. 

22. 1,628,728,655. 23. 3,424,164,225. 24. $314 gain. 25. $3450. 
26. 1342 lbs. 27. $15. 28. 18 pears. 29. 200 sheep ; 100 cows. 
30. $208 gain. 31. $11,000; $6000; $3000. 32. $75 gain. 

33. $3100. 34. 107, 77, 13. 35. 8 boxes of each size. 36. $30. 
37. 180; 300; 420. 40.35. 45.300,937,215,565. 46.15,421,771,365. 
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XIII. Page 34. 

1. One, five-tenths. 2. Thirty-six, seven-tenths and five hundredths. 

3. One hundred, one thousandth. 4. Six ten-thousandths. 

5. One, one- tenth and seven ten-thousandths. 

6. Four hundred and four, four hundredths and four ten-thousandths. 

7. One hundred, one ten-thousandth. 

8. Five, five-thousandths, and five hundred-thousandths. 

9. -14. 10. -000001. 11. 50001. 12. "0009. 13. 6101. 

14. 10000-001. 15. 154-406. 16. 1079-96. 17. 6000020-19. 

XIV. Page 35. 

1. <i)30; (ii)300; (iii) 3 ; (iv) -03 ; (v) -16 ; (vi) 501 ; (vii) 13 ; 
(viii) -00039 ; (ix) 310-42 ; (x) 4000-1 ; (xi) 303*03 ; (xii) 4100*2. 

2. (i) -3 ; (ii) 3 ; (iii) -03 ; (iv) -0003 ; (v) -0016 ; (vi) 5*01 ; (vii) -13 ; 
(viii) -0000039 ; (ix) 3-1042; (x) 40-001 ; (xi) 30303; (xii) 41-002. 

3. (i) 3000 ; (ii) 30000 ; (iii) 300 ; (iv) 3 ; (v) 16 ; (vi) 60100 ; 
(vU) 1300; (viii) -039; (ix) 31042; (x) 400010; (xi) 30303; 
(xii) 410020. 

4. (i) -003; (ii) -03; (iii) -0003; (iv) -000003; (v) -000016; (vi) -0501 ; 
(vii) -0013 ; (viii) -000000039 ; (ix) -031042 ; (x) -40001 ; (xi) 030303 ; 
(xii) -41002. 6. (i) 2000 ; (ii) 310 ; (iii) 4-12 ; (iv) "016. 

6. (i) 4-3121 ; (ii) -001012 ; (iii) 3412 ; (iv) 5 ; (v) 5012-5. 

7. (i) 461 ; (ii) 3-756 ; (iii) 4-675 ; (iv) 45625 ; (v) -05676. 

XV. Page 36. 

1. 353-5341. 2. 34-2476. 3. 3698-163425. 4. 36*23236. 

5. 4799-87503675. 6. -01466. 7. 41176-17975. 8. 610*348. 
9. 30150-33328. 10. 81-316. 11. 378*809265. 12. 747-67245. 

13. 3471-88449 in. 14. 447-14472 in. 

XVL Page 37. 

1. 246*302. 2. 90-26. 3. 3*35. 4. -61325. 6. 351-49376. 

6. 29-999376. 7. 497-72376. 8. 526-5. 9. -00038236. 10. '00849748. 
11. 272-4125. 12. 30-466. 13. 44^4-0880625. 14. 392*6560855. 

15. 2967-24425. 16. 189*4368. 17. 6672-46163. 18. '66614. 
19. 2-7960151. 20. 2-321. 
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XVII. Page 37. 

1. 21-5625. 2. 729*75. 3. 365483. 4. 463125. 6. '18525. 6. -012984. 
7. 1092-08. 8. 2944-8. 9. -211446. 10. 4-34312. 11. 5706*25. 
i2. 241161-2669. 18. 1112-130201. 14. 3018036*7. 

XVIII. Page 38. 

1. 1-5875. 2. 5-165625. 8. -000540125. 4. 170-5. 5. 176-25. 

6. 4-63. 7. 229-375. 8. -13.* 9. -000013. 10. '0000629. 

11. 1-907126. 12. -06475. 18. -000019459375. 14. 0035304. 
15. -2468. 16. 00000067625. 17. 480*625. 18. -2625. 
19. -0001412. 20. -000026375. 21. "0000000212. 22. 120-033333... 
28. 1-403333... 24. -99. 25. 1-145833... 26. 1-910714... 

27. 36-898230... 28. 11-111111... 29. •859673... 80. -000409... 

XIX. Page 39. 

1. 49-44. 2. 3408-255. 8. -11808. 4. -0030501. 5. -00015129. 

6. 90-92869696. 7. -0000000368. 8. 6-668. 9. 12253-63815. 

10. -058464. 11. 18496. 12. 21632. 18. -008. 14. -8. 

15. -00008. 16. -004624. 17. -000015129. 18. 7*9607. 

19. -001771661. 20. -000000027. 21. 24*727224. 22. -1953. 

28. 5-4. 24. -000013764. 

XX Page 40. 

1. 17305. 2. 1153-126. 8. 375000. 4. -000035226. 5. 3625. 
6. 416000. 7. 31*26. 8. 7*9. 9. 229-5. 10. 3-472222... 11. -012332... 

12. 1280. 13. 9-974564... 14. -000092.., 15. 166666*666666... 

16. -069526... 17. 401-771749... 18. 37*137317... 19. -149274... 

20. 23-201856... 21. 6690*140845... 22. 7126890*736342... 
23. -121764... 24. 626. 25. 2*4. 26. -063636... 27. 5488. 

.28. 133336666*666666... 29. 39824*767741... 80. 83-33325. 

81. -012. 32. 790. 33. 326*7678126. 84. -3122. 35. '6024. 

36. 4-792993... 37. -0123. 38. 3-6126. 89. 42260. 40. 6400. 

41. -000626. 42. 1849. 43. *100318... 44. 630000. 46. -512. 

46. 4600000. 47. 1063783... 48. 3774045-801626... 
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XXI. Page 41. 

1. 2-8828126. 2. 6314-41. 3. 900801974-088. 4. 4208-489631. 

5. 81-77750790262. 6. 9676 and -005 over. 7. '00025. 

8. $288.5626. 9. 145-024 ft. 10. 23-625 yds. 11. $57.86. 

12. $5.26. 13. $90. 14. $16. 16. $13 ; $26 ; $13. 16. $3.90. 

XXII. Page 43 

1. 2x3. 2. 2x6. 8. 2x7. . 4. 5x7. 6. 3x3. 6. 2x2x2. 

7. 2x2x3. 8. 2x2x2x3. 9. 3x3x3. 10. 2x2x3x8. 

11. 2x3x3x6. 12. 2x2x3x7. 13. 2x2x6x6. 14. 11x11. 
16. 2x2x2x2x3x3. 16. 2x2x3x11. 17. 2 x 2x2x 2 x 7. 
18. 3x17. 19. 8x3x13. 20. 3x3x6x11. 21. 2 x 3 x 5 x 5 x 7. 
22. 2x2x2x3x3x5x7. 23. 2x2x2x2x3x3x3x3x5. 
24. 2x2x2x3x6x6x71. 26. 2 x 2x 2 x 2 x2x 6 x 11. 

26. 2x5x5x73. 27. 3x3x118. 
28. 2x2x2x3x11x13. 29. 5x6x11x13. SO. 2x6x13x13. 

81. 2 X 2 X 2 X 2 X 2 X 5 X 6 X 11 X 13. 32. 2 x 2 x 6 x 6 x 7 x 11 x 13. 

XXIIL Page 44. 

1. prime. 2. 3x31. 8. prime. 4. 3x37. 6. prime. 6. prime. 
7. prime. 8. 7 x 17. 9. 3x3x23. 10. prime. 11. prime. 

12. prime. 13. 13x23. 14. 13x13. 16. prime. 16. 7x67. 17. prime. 
18. prime. 19. 3x13x13. 20. prime. . 21. 13x13x13. 
22. 13x179. 23. 17x269. 24. 13x233. 26. prime. 26. 23x191. 

27. 13x547. 28. 19x409. 29. prime. 30. 23x31. 81. 29x47. 

82. 23x433. 83. 13x603. 84. 11x163. 86. 7x83. 

XXIV. Page 46. 



1. 6, 4, 8. 


2. 6, 9. 


3. 11. 


4. 4, 8, 9. 6. 6, 11 


6. 4, 8. 


7. 9, 11. 


8. 9. 


10. (i) 3; (ii)2; (iii) 9. 



XXV. Page 47. 

1. 8. 2. 15. 3. 20. 4. 16. 6. 27. 6. H. 7. 17. IB. 6. 

9. 91. 10. 15. 11. 13. 12. 17. 13. 44. 14. 240. 16. 32. 16. 13. 

17. 8. 18. 9. 19. 16. 20. 28. 21. 36. 22. 11. 28. 13. 24. 1. 
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XXVI. Page 49. 

1. 18. a. 17. 8. 19. 4. 29. 6. 23. 6. 31. 7. 5a 

8. 46. 9. 47. 10. 78. 11. 13. 12. 13. 13. 3. 14. 22. 

16. 29. 16. 18. 17. 851. 18. 7. 19. 23. 20. 19. 



XXVII. Page 49. 

7. Yes. 8. Yes. 9. Yes. 10. No. 11. No. 12. Yes. 18. $6.51. 

XXVIII. Page 51. 

1. ISO. 2. 386. 8. 1125. 4. 756. 5. 3300. 6. 1260. 7. 1440. 

8. 6300. 9. 360. 10. 2520. 11. 2520. 12. 1120. 13. 110. 
14. 17,424. 16. 1014. 16. 792. 17. 22,176. 18. 120,120. 
19. 8415. 20. 1260. 21. 27,720. 22. 6,340,320. 23. 2520. 24. 5040. 

XXIX. Page 52. 

1. 3x6x17x23x29. 2. 13x157x652. 8. 41x61x211. 
4. 31x149x239. 6. 62x1194x1345. 6. 13x590x769. 

7. 19x59x149x359. 8. 29x109x127x233x10. 

9. 2x5x11x61x107x149. 10. 3x8x37x79x79x113. 

11. 49 ; 49 X 14 X 85. 12. 213 ; 213 x 25 x 39. 

13. 157 ; 157 X 3 X 8 X 11. 14. 12 ; 12 x 4 x 7 x 63 x 95. 

XXX. Pages 52, 53. 

1. 3,605,401,800. 2. £600. 3. 365. 4. 50400 m. 6. 10080 sec. 
6. 1188 in. 7. 360 ft. . 8. 19. 9. 14467 in. 10. 30 min. 

12. 41x43x11x3x23x47. 16. 126 sec. 18. 7 oz. 

XXXI. Page 55. 



1. 45. 


2. 75. 


3. 50. 


4. 225. 


6. 125. 


6. 300. 


7. 150. 


8. 7i 


9. 25. 


10. 125. 


11. 50. 


12. 200. 


18. l.'^O. 


14. 15. 


16. 250. 


16. 280. 


17. 250. 


18. 6500. 
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XXXII. Page 57. 

1. f. 2. «. 8. A- *. A. B. A- 6. «. 7. f 8. H 

9. M. 10. i4. n. Wr. W- U. 18. AS:- 1*- «♦• IB- iftAf 

16. i 17. xtfr. 18. «. 19. m. 20. f. 21. ftW 22. ^Vft 

23. fif. 24. HI. 25. f. 26. H- 27. «. 28. ff- 29. H- 

80. ». 81. m- 82. W. 88. Itt. 34. {«. 85. .ft«ft. 

XXXIIL Page 58. 

1. 4f 2. 3,2;^. 8. 7A- *• 8H. 8- »• «• 12J. 7. 26*. 8. 15. 

9. 6H. 10. 6. 11. IH. 12. 8f 13. 2if. 14. 5. 15. 7f 
16. 911. 17. ma- 18. 26H. 19. 20H». 20. 4A:- 21. V. 22. ^. 
28. W- 24. »^. 25. W- 26. W- 27. W- 28. Wf- 29. «H- 
80. HH- 81. W- 82. HV-' 88. -4^. 84. ViV- 85. i\ft^. 

XXXIV. Page 59. 

1. tt, W, W. HI*. 2. w, W, W, HP ; V, ^f^, H^, H^- 

8. \S V; W. W; W/^, W- *. W, W, HJ^. W; W, W- 

6. iWr, *, ^, ^, «*, iWr. 7. No ; 316. 8. W, «, A, A- 

9. «, A. tl, «. 10. 60. 

XXXV. Page 61. 

*• *• T> T» 2. -^ft-, if-, "J*. 8. -ffyt tA» Tnnr* *• to"» «•"» "H"* 

6. w, W. W- 6. V, V, f 7. tt. H. »• «• A. H, f»- 
»• ^, Jft, *!r- 10. ^, ^, Wlr- "• Tfr. WV. V«r- 

12. TTV} Too* ioT. 18. TT* Ai A» A' 1^' tA« tAi tA> "nTT. 

«• «*. «♦, IH. 16. ». «. w. w- 17. vff-. v/f, m. m- 

18. ttJt TTti TFf' 

XXXVI. Pages 62, 63. 

1. * greatest, | least. 2. f gr., if least. 8. | gr., A 1^^^ 
*• f »i A »» 8. A f> A >» 8- H »> A i» 

•• To" >f Tf it 8. ^ ,, if ,, 9. -§■ ,, i ,, 

10. ♦ „ ♦ „ 11. A ., A » "• H .. U .. 

"• «, ». A, A- 14- A, H, H. f 18- H. «, H- 

16. VA «, «, ». IT- A, H, A. H- "• it, I, A 

»• A, H, H, A- 80- AV, H. A- aa. A. li, it. A- 
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XXXVII. Page 63. 

1. 2t. 2. lA. 8. H. 4. 2A. 9. ^. 

6. 2f . 7. 60 cents. 8. A- *• ^ ^t. 10. 40 min. 

XXXVIII. Page 64. 

l.H. a. If 8. «. 4.«. 5. «. 6. i 7.2A. 8.}*. 9. If 
10. 2^. 11. If 12. !«. 18. 1^. 14. lA- 15. im- 
16. H. 17. 1. 18. 1^. 19. 1. 20. If. 21. 1^. 

XXXIX. Page 65. 

X. 6. 2. 19. 8. 7i. 4. 10. 5. 80^- 6. 7H. 7. 14^. 8. 12^. 

9. lOA. 10. 20tt. 11. 13f. 12. 6^. 13. 12^. 14. ISM- 

15. 4H. 16. 14^. 17. 57i. 18. 17^- 19- ISH- 20. 16^^. 
21. SItV^. 22. lOi. 23. 10t>r. 24. 12if|. 25. Slfff. 26. 24^^. 

27. 4^. 28. 33H. ««. 42H«. 80. 144^. 31. 115Hi. 
82. imm- 88. 23fe* 84. 16:^. 85. 7^. 86. 102^. 
87. 4«tt. 88. 19«l. 89. llfW. 

XL. Page 66. 
1. h a. A. 8. A. 4. H. 6. H. «• H. 7. i. 8. iff. 

9. H. 10. i. 11. tH. 12. VW. 18. i. 14. Tftr. 18. A- 

16. H. 17. *. 18. 1^. 19. ^. 20. «. 21. xir. 

XLI. Page 67. 

1. f 2. J. 8. f 4. lA. 8. 15H. 6. lOH. 7. 1*. 8. «. 

9. 241ff. 10. 198f 11. if. 12. 9iH- 13. 2^- 14. f 18. A. 

16. fj^. 17. liSft,. 18. H. 10. IOtIt. 20. ItH- 21- 1^- 22. 0. 

28. lliH. 24. H. 25. liV. 26. 3^. 27. 1. 28. 3^. 29. 6f. 
80. A- 31. m- 82. lA- 83. 8|f . 84. 6^. 35. ifi. 36. yir. 
87. 5H. 38. 4i. 39. f 40. 2^. «. IH- *2. iftr- *8. IIA- 
44. lA. «. 28*. 46. 13H. 47. ISf 48. fH*. 

XLIL Page 68. 

1. 8i. 2. 2i. 8. 2i. 4. 64. 5. 31^. 6. 8^. 7. 2|f 8. 178^. 
9. 21i. 10. 71|. 11. 85|. 12. 116i. 18. 191 6i. 14. 2367t. 
15. 63351. 16. 85486f 
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XLIII. Page 69. 

1. 1. a. :h' 3. H*. *. HH' «. 4. 6. 9. 7. If 8. 4. 

9. 73H- ^0. 15H- ^1* 26. 12. 43iV- 18. H- !«• 11- ^S* 27. 

16. T*ir. 17. A- 18. ^. 19. U- 20. A- 21. 3^. 22. Sf. 

23. 3U. 24. 3i. 25. 3if. 26. 1:^. 27. l^^. 28. 12H. 

29. 2H. 30. 6ii. 31. nU. 82. 126^. 33. 5^. 

XLIV. Page 70. 

1. 33i. 2. H. • 8. 333i. 4. 14^. 5. 142f 6. 134H. 

7. |. 8. A. 9. H. 10. :^. 11. f. 12. 2i. 13. i. 14. li. 

15. 26^. 16. 26H. 17. 4^. 18. lOiJf. 19. lO^ftV. 20. 22^. 

XLV. Page 71. 

1. 3i. 2. 1^. 8. li. 4. IH. 8. 2. 6. 6. 7. M- 8. 4. 9. i. 

10. 2^. 11. 9. 12. 2. 13. f 14. f 15. H- 18. f 17. U- 

18. 9f 19. If 20. H. 21. 14i. 22. 3^. 28. 1^. 24. 3,^. 

25. f 26. if. 27. 144. 28. ^. 29. 1. 

XLVI. Page 72. 

1. f. 2. 2i. 8. J. 4. i 5. If 6. 3A. 7. 4tSr. 8. 8^. 
9. 1. 10. S^V. 11. If 12. 2. 13. 1^. 14. f 18. 1^. 

16. tWff. 17. 10. 18. f 19. 1^. 20. ^. 21. 6H. 

XLVII. Page 73. 

1. f 2. H. 8. If 4. 3f 5. 3«. 6. AV. 7. 3ttf. 

8. 4ttJ. 9. 9^. 10. tWt. 11. Ix^r. 12. *«• 

XLVIII. Pages 74, 75. 

1. 6*. 2. 12. 8. If 4. 2i. 5. 16^- 6. 16^. 7. efj. 

8. 26f 9. IH- 10. i*. 11. 20A. 12. 2lHf. 18. 3f 

14. 12Hf. 16. 4i. 16. 5^. 17. 4^. 18. 12^. 19. A- 

20. 2Hi. 21. 5. 22. f 23. 8. 24. 2. 25. |. 26. H 

27. 5Ji. 28. f 29. 9^. 30. IS^f. 31. 2^. 82. 6. 

33. 36|f. 84. 5f 35. H- 36. if. 37. ^. 38. 43^. 89. 1, 

40. 2^. 41. 14. 42. 6iH. 43. f 44. 573*. «. f 

46. f 47. 3^. 48. 1. 49. (f. 60. 1. 
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XLIX. Page 76. 

1. f 2. ^. 8. h 4. ^, 5. 6A. 6. lOthr. 7. imW- 
8. m- «. 3671. 10. rOTainr. H- 81t«W. 12. ij*. 13. fH- 
14. IM. 15. W. 16. 7f 

L. Pages 76, 77. 

1. -6. 2. -25. 8. -376. 4. -3126. 5. -46. 6. 6-65625. 7. 7 025. 

8. •11376. 9. 9-876. 10. -109376. 11. '444444... 12. -384615.., 

18. -380962... 14. -714285... 15. -219780... 16. 3-727272... 
17. 4-642857... 18. 11-777777... 19. 20-428571... 20. 3-989130... 
21.. t;i. 22. f;tf. 28. |; ^. 24. f; H- 26. H; f 26.^;^. 
27. $-76. 28. -626 cwt. 29. -1875 lbs. 30. 4-09375 tons.* 
81. $27.15. 82. 4-4375 cwt. 38. 3-075 yds. 84. 21-35 hours. 

LI. Pages 77, 78, 79. 

1. A- 2. 630. 3. twice. 4. 34^V «• 41A- 6. SU. 7. ^^. 

8. 60|. 9. 14Hf. 10. 14A. 11. "833 etc. 12. 43-333. 13. $2.50. 

14. 3iM» or 3765. 15. 64. 16. 826086. 18. -03493. 19. 7tV 
20. 3. 21. ^. 22. $840. 23. 33f. 24. 783 ft. 25. $1692.90. 
26. $3125. 27. $4977|. 28. $7500. 29. $5488. 30. 2| miles. 
31. $25631.41. 32. 240. 83. 459| ft. 34. :^. 35. 75. 36. 420. 
87. 185. 38. 2^ ft. 

LII. Page 81. 

1. 432 c. 2. 30000 c. 3. 140 c 4. 40 f. 5. 2*63 f. 6. -045 f. 

7. $36.41. 8. $1-035. 9. 236 cents. 10. 1010 cents. 11. $4-875. 

12. $38-025. 13. 12-675 cents. 14. 600 fr. 15. 30 fr. 16. 700 fr. 

LIII. Page 84. 

1. 1760. 9. 1856. 

LIV. Pages 85, 86. 

1. 3886 in. 2. 65958 in. 3. 31680 in. 4. 95040 in. 5. 738 in. 

6. 261 in. 7. 168 hrs. 8. 744 hrs. 9. 1080 hrs. 10. 167000 lbs. 

11. 93000 lbs. 12. 214510 lbs. 13. 37136 oz. 14. 24336 oz. 

15. 97936 oz. 16. 133344 oz. 17. 164016 drs. 18. 153664272 drs. 

19. 179 in. 20. 63018 in. 21. 633600 in. 22. 198024 in. 
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23. 510884 m. 
26. 6728140 sq. ft. 
29. 368 pints. 30 
33. 23328000 c. in. 
86. 549504 c. in. 
39. 1250784 sees. 
42. 433243 sees. 43. 
46. 30720 grs. 47. 
50. 36750 grs. 



24. 44460 sq. ft. 26. 5227650 sq. ft 

27. 19613070 sq. ft. 28. 2178900 sq. ft. 

492 pints. 31. 702 pints. 82. 28 pints. 

84. 8156160 c. in. 35. 46691661 c. in. 

37. 1059900 sees. 88. 31557600 sees. 

41. 1296000 sees. 

46. 1693647 sees. 

125208 grs. 49. 6342000 grs. 



40. 2741247 sees. 
21 7038 sees. 44. 150600 sees 
61440 gra. 48. 



LV. Page 87. 



1. 12612 ft. 2. 43989 ft. 8. 111687 ft. 4. 528648 ft. 0. 659340 in. 

6. 83502 in. 7. 1198134 in. 8. 405258 in. 9. 2045286 in. 

10. 65321 in. 11. 102955 yds. 12. 144657 yds. 13. 95138 yds. 

14. 518219564 sq. in. 15. 76643820 sq. in. 16. 628908948 sq. in. 

17. 6266844 sq. in. 18. 761694516 sq. in. 19. 105658668 sq. in. 

20. 7355 sq. yds. 21. 28052 sq. yds. 22. 44464 sq. yds. 

23. 1087392 sq. yds. 24. 339624 sq. yds. 



LVI. Page 88. 

1. £4. Zs, Ad. 2. £51. Ss, id, 8. £13. 125. 7id. 4. £12. 17s, 2id. 

5. £10416. ISs. id. 6. $7.44. 7. $10000. 8. $76.53. 

9. 5 tons. 10. 2 ewt. 85 lbs. 4 oz. 11. 2 tons 12 cwt. 1 oz. 

12. 2 cwt. 67 lbs. 11 oz. 12 drs. 18. 1 ton 6 ewt 41 lbs. 

14. 4 tons 13 cwt 33 lbs. 15. 52 tons 18 cwt 57 lbs. 1000 grs. 

16. 14 tons 5 cwt. 49 lbs. 5 oz. 17. 7 tons 4 cwt. 53 lbs. 8 oz. 6 drs. 

18. 1111 yds. 4 in. 19. 243 yds. 2 in. 20. 1522 yds. 1 ft 

21. 63 mi. 281 yds. 5 in. 22. 745 yds. 6 in. 23. 58 m. 879 yds. 5 in. 

24. 31 m. 995 yds. 1 ft 8 in. 26. 132 m. 1013 yds. 1 ft 

26. 12 m. 1046 yds. 3 in. 27. 13 m. 1310 yds. 2 ft 6 in. 

28. 685 sq. yds. 7 sq. ft 120 sq. in. 

29. 1 a. 2199 sq. yds. 5 sq. ft 136 sq. in. 

30. 333 sq. yds. 4 sq. ft 26 sq. in. 81. 2 a. 3756 sq. yds. 
82. 5 a. 2430 sq. yds. 2 sq. ft 108 sq. in. 88. 21 e. yds. lie. ft. 1216 e. in. 
34. 16888 c. yds. 24 c. ft 36. 174 c. yds. 22 e. ft 580 c. in. 
86. 102 c. yds. 18 c. ft 107 c. in. 87. 716 e. yds. 23 c. ft 126 c. in, 
38. 1250 gals. 89. 6250 giils. 40. 78 bus. 4 qts. 
41. 696 bus. 1 pk. 8 qt 1 pt 42 3 wks. 6 da. 18 hrs. 40 m 

X 
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48. 1 wk. 4 da. 18 hrs. 46 m. 40 sec. 

M. 16 wks. 8 da. 17 hrs. 46 m. 40 sec. 45. 74 wks. 2 da. 18 hrs. 20 m. 
46. 14 wks. 5 da. 19 hrs. 40 m. 47. 64 lbs. 3 oz. 15 dwt. 11 grs. 

48. 187 lbs. 9 oz. 10 dwt. 4 grs. 49. 64 lbs. 10 oz. 10 dwt. 20 grs. 
60. 72 lbs. 9 oz. 2 dwt. 11 grs. 51. 637 lbs. 11 oz. 4 dwt. 14 grs. 

52. 68 cwt. 44 lbs. 2000 grs. ; 8317 lbs. (Troy) 8 oz. 10 dwt 

58. 128 cwt. 27 lbs. 2000 grs. ; 15588 lbs. (Troy) 8 oz. 11 dwt. 16 grs. 

54. 5 cwt. 28 lbs. 1971 grs. ; 642 lbs. (Troy) 2 dwt. 3 grs. 

55. 128 cwt. 42 lbs. 4900 grs. ; 15607 lbs. (Troy) 5 oz. 7 dwt 12 grs. 

56. 11* 27' 14". 57. 16" 46'. 58. 3 rt. angles T 46' 40". 

59. 1 rt. angle 48" 14' 8*. 60. 8" 25' 45". 

LVII. Page 89. 

1. 2 m. 1 fur. 15 p. 2 yds. 1 ft 6 in. 

2. 138 m. 7 fur. 4 p. 2 yds. 1 ft 8. 2 m. 7 fur. 15 p. 1 yd. 1 ft. 6 in. 
4. 49 m. 3 fur. 18 p. 1 yd. 5. 167 m. 6 fur. 26 p. 10 in. 
6. 28 m. 3 fur. 10 p. 6 yds. 7. 3 fur. 15 p. 2 yds. 2 ft 
8. 68 m. 3 f. 39 p. 4 yds. 1 ft 11 in. 9. 82 m. 1 f. 21 p. 1 yd. 1 ft 7 in. 

10. 2 m. 3 fur. 3 p. 2 yds. 11. 72 m. 30 p. 2 ft 6 in. 

12. 107 m. 1 fur. 7 p. 6 yds. 6 in. 13. 14 m. 2 p. 3 yds. 1 ft 9 in. 

14. 6 m. 7 fur. 34 p. 4 yds. 7 in. 

15. 759 a. 1 r. 25 p. 29 sq. yds. 2 sq. ft 108 sq. in. 

16. 1 a. 1 r. 9 p. 23 sq. yds. 1 sq. ft 112 sq. in. 

17. 2 r. 22 p. 8 sq. ft. 40 sq. in. 

18. 8 a. 1 r. 39 p. 1 sq. yd. 3 sq. ft 86 sq. in. 

19. 2 a. 3 r. 4 p. 5 sq. yds. 20. 6 a. 2 r. 10 sq. yds. 2 sq. ft 108 sq. in. 

21. 224 a. 2 r. 26 p. 25 sq. yds. 7 sq. ft 72 sq. in. 

22. 9 a. 29 p. 26 sq. yds. 6 sq. ft. 82 sq. in. 23. 1 a. 2 r. 3 p. 4 sq. yds. 

24. 1 a. 22 p. 28 sq. yds. 2 sq. ft. 13 sq. in. 

25. 47 a. 3 r. 19 p. 28 sq. yds. 4 sq. ft 



LVIIL Page 89. 

1. 2 cwt 6 lbs. 6000 grs. 2. 6 cwt. 85 lbs. 5000 grs. 8. 21875. 

4. 121 lbs. 6 oz. 6 dwts. 16 grs. 5. 1 cwt 42 lbs. 6000 grs. 

6. 239 gals. 7. 100ch.l6iyd8. 8. 29tons3cT*'t 9 lbs. 12*6 oz.( nearly). 

9. 4000 p. 10. 125 m. 11. 364 oz. 11 dwts. 16 grs. 

12. 24 years 48 wks. 4 days. 18. 1240 grs. 14. 132. 
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1. 

6. 

9. 
12. 
16. 
18. 
21. 
23. 
25. 
28. 
30. 
32. 
34. 
36. 
38. 
40. 
42. 
44. 
47. 
49. 
51. 
63. 
66. 
68. 
60. 



LIX. Pages 90, 91, 92, 93. 

$2.57. 2. 25. 5^. 8. 1 yd. 3 in. 4. 2 yds. 9 in. 5. 89 lbs. 10 oz. 
8 yds. 1 ft. 6 in. 7. 10 yds. 1 ft. 10 in. 8. 18 yds. 2 ft. 3 in. 
28 lbs. 6 oz. 10. £1. 17». 0\d. 11. 40 days lOf hrs. 

18 yds. 6j in. 18. 28 lbs. 6| oz. 14. 67 lbs. 8 oz. 19 dwt. 
186 tons 6 cwt. 89 lbs. 16. £98. 14s. 17. £24. 10s. lOd. 
£162. 28. Hid. 19. £37. 65. 7id. 20. 6072 hrs. 11 min. 471 sec. 
610 tons 9 cwt. 37} lbs. 22. 943 days 4 hrs. 40 min. 

958 days 14 hrs. 36} min. 24. 1243 days 3 hrs. 40^ min. 
1220 mi. 70 yds. 31 in. 26. £10898. 6*. 9^^. 27. 17506° 34' 66". 
16263 cwt. 20 lbs. 10 oz. 29. 44626 tons 6 cwt. 83 lbs. 
48019* days 4 hrs. 17 min. 81. 1917 tons 10 cwt. 31 lbs. 10 oz. 

88. 34715 days 32 mins. 
85. 62 lbs. 8 drs. 
37. 1237 tons 13 cwt. 3 qr. 18 lbs. 
39. 14 tons 18 cwt 7 lbs. 
41. 1 lb. 7 oz. 1 dwt 10 gr. 
43. 10 lbs. 3 oz. 8 dwt. 3 gr. 
Up. 4yds. 2ft 11 in. 45. 117 m. 3 f. 26 p. 46. 19 m. 3 f. 3 p. 2 yds. 
2 p. 14 sq. yds. 6 sq. ft. 1 sq. in. 48. 297 a. 1 r. 6 p. 

185 a. 23 sq. p. 25]^ sq. yds. 50. 168 cu. yds. 6 cu. ft 718 cu. in. 
65 cu. yds. 2 cu. ft 600 cu. in. 52. 149 cu. yds. 20 cu. ft. 1116 cu. in. 

24 gals. 2 qts. 54. 20 bus. 5 qts. 55. 18334 bus. 1 pk. 3^ qts. 
2 days 3 hrs. 8 m. 16 sec 57. 156 days 17 hrs. 39 min. 

25 weeks 6 days 13 hrs. 59. 69° 13' 17". 
54° 34' 61". 61. 68° 12' 42". 



27065 tons 132 lbs. 4 oz. 
35045 days 21 hrs. 29 min. 
10 cwt 70 lbs. 10 oz. 
3 tons 10 cwt. 2 qr. 11 lbs. 
582 tons 10 cwt 3 lbs. 
2 lbs. 4 oz. 10 dwt 4 gr. 



LX. Page 94. 

1. 2 ft 11 in. 2. 11 lbs. 11 oz. 19 dwt 8. $148.92. 4. $223.19. 

6. 2 yds. 1 ft 9 in. 6. 2 yrs. 3 days 21 hrs. 66 min. 7. £25. 18-9. 2d. 

8. 6 sq. yds. 2 sq. ft 74 sq. in. 9. £87. 17*. S^d. 10. $7.92. 

11. 87 lbs. 6 oz. 12. 6 tons 15 cwt. 79 lbs. 13. 13 cwt 99 lb. 
14. 1 ft 8 in. 15. 1 fur. 20 p. 16. 1684 yds. 1 ft 
17. 78 sq. yds. 4 sq. ft 61 sq. in. 18. 1 sq. yd. 6 sq. ft. 117 sq. in. 
19. 4719 sq. yds. 4 sq. ft. 72 sq. in. 20. 1 ac. 24 po. 28^ yds. 
21. 4 c. yds. 16 c. ft 1684 c. in. 22. 6 gals. 1 qt. 1 pt. 

23. 2 pks. 7 qts. 24. 2 hrs. 38 m. 80 sees. 25. 2 days 2 hrs. 30 m. 
26. 5 days 7 hrs. 25 min. 27. 86° 39' 30". 28. 1° 89' 68". 
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LXT, Page 95. 

1. 1 day 2 hra. 42 min. 2. $16.13. 8. 90 yds. 2 iiL 

4. 262 days 3 hrs. 40 min. 6. $2335.99. 6. IBs, id, 7. 2 qts. 1 pt 

LXII. Page 96. 

1. 18 yds. 2. 66 lbs. 4 oz. 8. £39. 155. 4. £67. 16«. 

6. 67 days 12 hrs. 51 min. 6. 14 mL 596 yds. 13 in. 

7. 25 cwt. 71 lbs. 8 oz. 8. $364.16. 9. 37 yds. 1 ft. 3 in. 
10. 128 cwt. 16 lbs. 11. 57 wks. 3 days 2 hrs. 12. 405° 57' 61". 

LXIII. Page 97. 

1. 134 wks. 6 days. 2. 255 yds. 4 in. 8. 519 lbs. 12 dwt. 

4. 658 yds. 1 ft. 5. 116 wks. 4 days 18 hrs. 6. 228 qrs. 2 lbs. 10 oz. 
7. $1183.84. 8. 221 days 16 hrs. 9. 99 sq. yds. 8 sq. ft. 16 sq. in. 

10. 17640 cwt 11. £88333. 68. Sd. 12. 27843 miles 6 fur. 

18. 56061 sq. yd^. 6 sq. ft. 80 sq. in. 14. 5195 sq. mi. 200 acres. 

15. £18054. S3, id. 16. 19050 bus. 17. 41 tons 9 cwt. 44 lbs. 
18. 194 tons 13 cwt. 40 lbs. 19. 682 tons 3 cwt 20 lbs. 

20. 232 tons 17 cwt. 80 lbs. 21. 1 cwt 16 lbs. 4 drs. 

22. 107 cwt 20 lbs. 15 oz. 28. 28 lbs. 5 oz. 

24. 250 lbs. 10 oz. 10 dwts. 28. 30 m. 1 f. 20 yds. 

26. 105 m. 1266 yds. 2 ft 27. 418 acres 2 r. 

28. 796 acres 3 r. 20 p. 29. 309 sq. yds. 5 sq. ft 96 sq. in. 

80. 3052 sq. yds. 1 sq. ft 64 sq. in. 81. 1235 gals. 

82. 1147 gals. 2 qts. 88. 751 bus. 3 pk. 4 qts. 

84. 260 bus. 2 pks. 4 qts. 80. 37 days 19 hrs. 48 m. 20 sees. 

86. 7927 yrs. 345 days. 

LXIV. Page 98. 

1. $2281.25. 2. $33318.03. 8. $10126.53. 4. $11313.82. 

5. $29597.04. 6. $321476.11. 7. $237149.74. 8. $763736.61. 
9. 8009 yds. 7 in. 10. $3009288.94. 11. 1256 tons 8 cwt 54 lbs. 

12. 6951 tons 6 cwt. 51 lbs. 18. 6798 m. 120 yds. 

14. 545 m. 6 f. 210 yds. 15. 636 c. yds. 2 c. ft 724 c. in. 

16. 1214 acres 2020 sq. yds. 
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• LXV. Page 98. 

1. $4. 2. $6.48. 3. $8.40. 4. $9.24. 6. $103.14. 

6. $195.93. 7. $618.31. 8. $175. 9. $693. 10. $410.40. 

11. £7, 12. $538.37. 13. £174. 18«. 14. $656.04. 

16. £82. 2s. U. 16. $5907.11. 17. £283. 16». M, 18. $6524.38. 

19. $7894.17. 20. £8487. 16«. M. 21. $80. 22. $8.64. 
23. 343 tons 1 cwt. 12 lbs. 24. $2321.40. 26. $281.25. 
26. $1186.25. 27. $1703.70. 

LXVI. Page 99. 

1. $2.45. 2. $11.89. 3. $6.86. 4. $3.62. 6. $15.27. 

6. $9.57. 7. $5.22. 8. $8.37. 9. $5.37. 10. $69.31. 

11. $3.36. 12. $7.57. 13. $84.75. 14. $21.05. 

16. 7 yds. 2 ft. 11 in. 16. 1 ft. 10 in. 17. 3 yds. 9 in. 
18. 8 yds. 2 ft. 11 in. 19. 8 yds. 2 ft. 9 in. 20. 9 yds. 1 ft. 9 in. 

LXVII. Page 100. 

1. $4.92. 2. $796.74. 3. lis, 4d 4. £5. 4jr. 9^ 

6. 24 ft. 5 in. 6. 3 yds. 1 ft. 10*87 in. 7. $76.54. 8. $96.24. 

9. $932.18. 10.70 c. 11. $8.64. 12. $19.29. 13. $92.70. 

14. $92.65. 16. 1 c. 16. c. 17. 3 cwt. 16 lbs. 5 oz. 

18. 54 yds. 3 in. 19. 157 sq. yds. 4 sq. ft. 72 sq. in. 

20. 10 a. 117 sq. yds. 126 sq. in. 

LXVIII. Page 101. 

1. $1.51. 2. $4.80. 3. $8.76. 4. $1.13. 

6. 3 cwt. 37 lbs. 8 oz. (24 oz. rem.) 6. 2 cwt. 99 lbs. 2 oz. (nearly). 

7. 4 mi. 780 yds. 8. 1 mi. 142 yds. 1 ft. 2 in. (nearly). 
9. 2cu. yds. 3 cu. ft. 100 cu. in. 10. 35. 6<i. 11. $321.89. 

12. $6.96. 13. $20.19. 14. $42.76. 16. $7.90. 16. $17.83. 

17. $106.50. 18. $92.52.. 19. $102.02. 20. $1.53. 21. 92 c. 
22. $10.16. 23. $15.68. 24. 9d, 26. 3 cwt. 57 lbs. 2 oz. 
26. 7 cwt. 70 lbs. 8 oz. 27. 3 tons 26 lbs. 14 oz. 

28. 3 tons 24 lbs. 10 oz. 29. 70 yds. 2 ft. 10 in. 

30. 16 acres 1 r. 31 po. 31. 5 fur. 78 yds. 2 ft. 7 in. 

32. 11 acres 3 r. 27 po. 33. 5 sq. yds. 8 sq. ft. 131 sq. in. 

34. 88 gal. 2 qts. 1 pt. 36. 2 days 17 hrs. 39 m. 20 sec. 36. 14' 35^ 
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LXIX. Page 102. 

1. (i) 40 mi. 2 f. 37 p. 1 yd. 1 ft. 6 in., (ii) 193 mi. 6 f. 2 p. 6 yds. 

2. (i) 684 mi. 20 p. 2 yds., (ii) 491 mi. 6 f. 14 p. 3 yds. 1 ft. 6 in. 

8. (i) 6423 mi. 4 f. 6 p. 2 yds. 2 ft 6 in., (ii) 21563 mL 1 f. 34 p. 

2 yds. 2 ft. 6 in. 

4. (i) 17 mi. 31 p. 6 yds. 2 ft. 9 in., (ii) 656 mi. 6 f. 37 p. 1 yd. 

1 ft. 9 in. 

5. (i) 48 a. 3 r. 1 p. 19 sq. yds. 6 sq. ft. 108 sq. in., (ii) 861 a. 11 p. 

27 sq. yds. 2 sq. ft. 36 sq. in. 

6. (i) 1619 a. 2 r. 26 p. 3 sq. yds. 7 sq. ft. 56 sq. in., (ii) 994 a. 

10 p. 3 sq. yds. 5 sq. ft. 64 sq. in. 

7. (i) 6565 a. 1 r. 14 p. 27 sq. yds. 4 sq. ft. 72 sq. in., (ii) 21735 a. 

1 r. 2 p. 11 sq. yds. 6 sq. ft. 108 sq. in. 

8. (i) 8048 a. 2 r. 39 p. 23 sq. yds. 6 sq. ft. 72 sq. in., (ii) 64903 a. 

3 r. 38 p. 7 sq. yds. 7 sq. ft. 108 sq. in. 

9. (i) 1 mi. 4 p. 3 yds. 10 in. ; rem. 8 in., (ii) 3 f. 27 p. 3 yds. 

10. (i) 1 f. 2 yds. 1 in. ; rem. 4 in., (ii) 1 f. 4 p. 3 yds. 

11. (i) 1 ml 7 f. 24 p. 3 yds. 10 in. ; rem. 22 in., (ii) 1 mi. 6 f. 32 p. 

4 yds. 1 ft. 10 in. ; rem. 4 in. 

12. (i) 6 f. 25 p. 2 yds, 1 in. ; rem. 60 in., (ii) 2 f. 10 p. 2 yds. 11 in. 

13. (i) 2681 a. l.r. 31 p. 6 sq. yds. 79 sq. in. ; rem. 5 sq. in., (ii) 372 a. 

1 r. 27 p. 20^ sq. yds. 1 sq. ft. 74 sq. in. ; rem. 3 sq. in. 

14. (i) ?56 a. 2 r. 32 p. 8 sq. yds. 6 sq. ft. 125 sq. in. ; rem. 15 sq. in., 

(ii) 350 a. 1 r. 11 p. 29 sq. yds. 7 sq. ft. 64 sq. in. 
16. (i) 3 r. 25 p. 12 sq. yds, 2 sq. ft. 3 sq. in. ; rem. 19 sq. in., (ii) 

1 r. 2 p. 10 sq. yds. 8 sq. ft. 87 sq. in. ; rem. Ill sq. in. 
16. (i) 1 a. 3 r. 27 p. 19 sq. yds. 1 sq. ft. 65 sq. in.; rem. 45 sq. in., 

(ii) 2 r. 30 p. -8 sq. yds. 5 sq. ft. 107 sq. in. ; rem. 21 sq. in. 

LXX. Page 103. 

1. 61. 2. 69. 8. 49. 4. 13. 5. 11. 6. 106. 

' 7. 10 ; 47 yds. 1 ft. 4 in. 8. 408 ; 4 yds. 9. 36 ; 307 days 6 lirs. 

10. 5326 ; 19 hrs. 11. 11 ; 5 lbs. 12. 51 ; 1 m. 7 fur. 134 yds. 
18. 9. 14. 168. 16. 28. 16. 110. 17. 9. 18. 48 ; 8 lbs. 

LXXI. Page 104. 

, 1. 31. 2. 100. 3. 55. 4. 34. 6. 22. 8. 15. 7. 53. 8. 27. 
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LXXIL Pages 104, 106, 106. 

1. 56; 112grs. rem. 2. $30.88. 8. $970.66. 4. 7 oz. 6. $328. 

6. 12 shillings. 7. £57. 128. 8. 9s. 2d, 9. $465 ; $15 loss. 
10. 60 cents. 11. 288. 12. 11912. 13. Loss of $9.40. 14. $68.20. 

15. $7.31 ; $7.71. 16. $5.41 ; $10.82. 17. $65.21 ; $80.21. 

18. 25 yds. 1 ft. 11 in.; 51 yds. 10 in. 19. 29 yds. 2 ft. 11 J in.; 
89 yds. 2 ft. lOi in. ; 59 yds. 2 ft. 11 in. 20. $4170.10 ; $2085.05. 

21. £4. 08. life;. 22. $95.94. 23. $219.50. 24. 57640000. 
26. 135 gals. 26. $4235. 27. $98.83. 28. 11th April. 29. Saturday. 
80. 883. 81. 182. 32. 31645. 83. Thursday. 84. 29th March 1882. 
36. Tuesday. 36. 7296 hrs. 37. 4 tons 13 cwt. 4 lbs. 38. 60** ; 5**. 
39. A, $458.40; B, $229.20; C, $76.40. 41. I*' 15'. 
42. (i) 7 d. 3 hrs. ; (ii) 3 min. 48 sec. 43. 18,000 turns. 
44. 2 hrs. 40 min. 

LXXIII. Pages 107, 108. 

1. 2 ft. t in. 2. $4.56f . 3. 10 cwt. 3 lbs. 2 oz. 

4. 33 days 8 hrs. 24 min. 5. $14.98 nearly. 6. 63 yds. 

7. 4 tons 16 cwt. 38 lbs. 2 oz. 8. 60 tons 10 cwt. 45 lbs. 11 oz. 
9. $1209.26 (nearly). 10. $71.65. 11. $418.75. 12. $14.05. 

13. 4 mi. 266 yds. 2 ft. 14. 183 yds. 6 in. 16. $115.82. 

16. $100.95. 17. 1 yd. 2 ft. 7A in. 18. 17 yds. 2 ft. f in. 

19. $34.70. 20. 15 hrs. 21 min. 25f sec. 21. 1 ton 13 cwt. 20 lbs. 

22. 1 cwt. 25 lbs. 10 oz. 23. 2 ac. 1120 sq. yds. 24. 79 yds. 1 ft. 4| in. . 

26. 579 c. yds. 2 c. ft. 1369 c. in. 26. 42 bus. 

27. 18 ac. 7 p. 15 sq. yds. 1 sq. ft. 18 sq. in. 28. 25 ac. 1128 sq. yds. 
29. 2 m. 381 yds. 1 ft. 30. 58 bus. 2 pks. 31. $22.14$. 
32. $4022.99. 33. £9. 125. 9f<2. 34. £2. 7s. M. 
86. 1044 yds. 2 ft. U in. 36. £6. Is. l^jd. 37. 116 d. 13 h. 6 m. 40 s. 
38. $54.04 ($54,036). 39. $34.30. 40. $205.60. 41. $14.15. 
42. $164.64. 48. 5 yds. 1 ft. 11*7 in. 44. 3 m. 6 f. 22 yds. 

LXXIV. Page 110. 

1. $7i. 2. $18|. 3. 3iof$5. 4. 2|. 6. 16^. S.- m. 

7. 1:^ yd. 8. 3;^^ cwt. 9. 21^ yd. 10. 1^ yd. 11. 5H* cwt. 
,12. 2^ tons. 13. 3^A mi- 14- 3H yd. 16. 1|^ cu. yd. 

16. 3^ days. 17. St^ acres. 18. 3|r. 19. ^. 20. 2^. 
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21. Hf. 22. Htt. as. ^. 24. tIH^. 26. ,.^^. 26. •^. 

27. |. 28. 21*^. 2». Hi- SO. 223yV. 81. i- 32. l^M • 
83. $7.50. 84. 27 lbs. 2 oz. 10 dwt. 35. ^. 36. W- 37. Uh 
88. 18725. 39. 195^. 40. j^ffjf. 41. ttl- . 

LXXV. Page 111. 

1. ilH. 2. lU. 8. iftVV. 4. 1««. 5. 12S0. 6. ,Ay. 

T. '^rf^. 8. 102f 9. T^. 10. ^^A. 11. 1^5^. 12. 4. 

18. 34H. 14. li. 15. 2. 16. t^. 17. 14 tons 4 cwt 66^ lb. 

18. iH. IS- m. 20. 21i4^ ; 932 yds. 2 ft. 9|H m. 21. $203.55. 

22. $39960.05. 

TiXXVI. Page 112. 

1. 3*742 kilometres. 2. 40 kilometres. 8. '00342 kilometres. 

4. 1230 centimetres. 6. 40336 centimetres. 6. 9 centimetres. 
7. 100000 centimetres. 8. 8100 centimetres. 9. 30 centimetres. 

T, XX VII. Page 113. 

1. 729^ oz. 2. 8^ sq. in. 8. 531 min. 4. 157i d. 5. 8745f lbs. 

6. 646| in. 7. 1222 p. 8. 92181 lbs. 9. 46^ lbs. 10. 318060 sees. 
11. 4245-648 yds. 12. 16514*08 sq. yds. 13. 3*16875 days. 
14. £1-5218375. 15. 17*2837 tons. 16. -0035 tons. 
17. 1-4290625 days. 18. 6*25 miles. 19. 147 05 lbs. troy (nearly). 
20. 36-640625 bus. 21. '245 tons. 22. '003125 days. 

28. -00818... tons. 24. -0002457 deg. 

LXXVIII. Pages 113, 114. 

1. £3. 9a. 2. 1 yd. 1 ft. 29*85 in. 8. 21 miles 649 yds. 

4. 13 acres 70 p. 5. 2 tons 7 cwt 50 lbs. 6. 1 yd. 2 ft. 5*8125 in. 

7. 4 tons 18 cwt. 37 lbs. 8 oz. 8. 3 tons 8 cwt. 43 lbs. 12 oz. 
9. 1 cwt. 31 lbs. 10 oz. 10. 43 days 2 hrs. 59 min. 25*44 sees. 

11. 121 days 12 hrs. 12. 2 yrs. 173 days 1 hr. 6 min. 57*6 sees. 

13. 2 tons 19 cwt. 16 lbs. 12 oz. 14. 3*5 yds. 16. 16 times $2.31. 

16. 3*55 of I yd. 17. '0105 of 1 ton. 18. *0043ld3... of 9 yds. 2 ft. 

19. -0025 of 1 day. 20. 1*21875 tons. 21. 3*44375 miles. 
22. 1*375 weeks. 28. 1*1315625 days. 24. 1*359375 bus. 
26. 10*39375 miles. 26. 11*601. 27. 1*375 poles. 28. 2*53125 gals. 

29. 1-8465625 acres. 
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LXXIX. Pages 115, 116. 

1. -375. 2. -626. 3. '3. 4. 1-25. 5. '0310546875. 6. 1. 7. 'SOflC 
8. 2-56. 9. 3*983... 10. '308 (nearly). 11. -211... 12. -625. 

13. 1-155. 14. 3-4375. 15. 15543. 16. '262. 17. 15-0447. 

18. 3*73424629... 19. 30 inches. 20. 15 days 14 hrs. 21. 2 lbs. 10 oz. 
22. 119 tons 12 cwt. 23. 2 days 3 hva. 38 min. 

24. 12 sq. yds. 7 sq. ft. 132^ sq. in. (nearly). 

25. 3 tons 6 cwt. 78 lbs. 10-32 oz. 26. 6 cwt. 54 lbs. 18-6 oz. 
27. 7 yds. 2 ft. 8-7975 in. 28. 7 days 40 min. 29-55 sees. 
29. 1570 days 19 brs. 3-54 min. 30. 4 tons 81 lbs. 4 oz. 
31. 6 cwt. 50 lbs. 32. 17 lbs. 4 oz. S3. 2 fur. 31 p. 1 yd. 1 ft. 9*024 in. 
34. 2 mi. 6 fur. 28 p. 35. 82 lbs. 8 oz. 36. 31 gals. 0*763 pts. 
37. 39 p. 4 yds. 1 ft. 2*4 in. 38. 2 lbs. 8 oz. 39. 3 cwt. 37 lbs, 10*4 oz. 

40. 71 days 9 hrs. 36 min. 41. 2 tons 16 cwt. 77 lbs. 
42. 4 tons 3 cwt. 97 lbs. 43. 24 mi. 4 fur. 18 p. 
44. 41 yds. 2 ft 2*08 in. 45. -3. 46. 14-4. 47. '0024360649. 
48. -15625. 

LXXX. Pages 1 1 6, 1 1 7, 1 1 8. 

1. 831600. 2. 4989*6 oz. 3. 206*25 yds. 4. 1690-4408 oz. 

5. -001. 6. -0955763. 7. 360 hrs. 8. 1 ft. 7 in. 9. 2^ of 84. 

10. '9390507936... 11. tV?. 12. 13 in. 13. 4 hrs. 18 min. 

14. 1254 days 16 hrs. 54 min. 15. ^. 16. (i) £038875 ; 
(ii) £'0008125. 17. 14 tenths of an inch. 18. 3 days 5 hrs. 2 min. 9 sees. 

19. $7.70. 20. $21.11. 21. 96 c. 22. *1 crown. 23. *00386 sq. mi. 
24. 95 p. 15 yds. ft. 5*184 in. 25. 49 acres. 26. 25*67 francs. 
27. 7699*52+... metres. 28. 1609*844. 29. $27.18. 30. 4*6 cu. yds. 
31. 631, and *033 in. over. 82. 1103, and 65 p. over. 
83. 146, and ^ inch over. 84. 38, and 3^ qts. over. 35. 471*2385. 
36. $1.20. 37. 11*30976 ft. 38. $8.90. 39. 150 lbs. 40. 10||. 

41. I of i of 1 ton. 42. i of 15 cwt. 78 Iba. 43. Hif • 
44. 3 oz. 7 dwt. 12*37 grns. 46. ^^. 46. 6f gal. ; 195. 
47. 1 min. 57 sec. 48. 480, 700, 909 ; unit=^ inch. 

LXXXI. Page 119. 

1. 1 ft. 6 in. 2. 8 hrs. 3. 25 lbs. 4. 20 c. 6. 6 in. 6. 2 days. 

7. 1 pint. 8. 3 cu. ft. 9. 10 lbs. 10. 160 yds. 11. 3 in. 

12. 4 min. 13. 9 sq. inches. 14. 5 c. 16. 4 c. 16. 48 miit. 

17. 50 lbs. 18. 2 c 19. 24 minutes. 20. 36 seconds 
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81. 30 seconds. 23. 2 oz. 28. 2 hrs. 24 min. 24. 12 seconds. 
26. 105. 26. G$, Sd, 27. 58. 28. is. 

LXXXIL Pages 120, 121. 

1. $100. 2. $93. 8. $11.87i. ^ $100. 6. $18.60. 6. $73. 

7. 1 cwt. 5 lbs. 4 oz. 8. 88 cwt. 60 lbs. 9. 5 cwt. 42 lbs. 4 oz. 
10. 138 cwt 11. 20 cwt. 44 lbs. 6 oz. 12. 4 cwt. 58 lbs. 7 oz. 

18. 112 cwt. 37 lbs. 8 oz. 14. 208 cwt. 32 lbs. 8 oz. 

16. 58 cwt. 80 lbs. 14 oz. 16. 7 cu. yds. 11 cu. ft. 

17. 5 cu. yds. 6 cu. ft. 864 ca. in. 18. 5 cu. yds. 15 cu. ft. 1296 cu. in. 

19. 3 cu. yds. 4 cu. ft. 864 cu. in. 20. 20 cu. yds. 12 cu. ft. 864 cu. in. 
21. 218 cu. yds. 16 cu. ft. 144 cu. in. 22. 64 cu. yds. 11 cu. ft. 864 cu. in. 
23. $7128. 24. $4875. 

LXXXIII. Pages 122, 123. 

1. 1091 tons 5 cwt. 2. 955 tons. 8. 4669 tons 8 cwt. 75 lbs. 

4. 1476 tons 2 cwt. 12 lbs. 8 oz. 6. 11395 tons 14 cwt. 70 lbs. 12 oz. 

6. 3962 tons 10 cwt. 60 lbs. 7. 10196 tons 3 cwt. 43 lbs. 12 oz. 

8. 31577 tons 5 cwt. 60 lbs. 9. 55350 tons 10 cwt. 12 lbs. 8 oz. 
10. 9651 tons 2 cwt. 18 lbs. 12 oz. 11. 15015 tons 9 cwt. 5 lbs. 
12. 60103 tons 9 cwt. 22 lbs. 13. 105 en. yds. 24 cu. ft. 1536 cu. in. 
14. 375 cu. yds. 25 cu. ft. 16. 4716 cu. yds. 864 cu. in. 
16. 888 cu. yds. 18 cu. ft. 17. 623 gals. 3 qts. 1 pt. 

18. 12701 gals. 2 qts. 19. 63555 gals. 3 qts. 1 gi. 20. 95406 gals. 1 qt. 

21. 23034 bus. 1 pk. 4 qts. 22. 10745 gals. 2 qts. 1 pt. 
23. 603 miles 1728 yds. 24. 530 yrs. 135 days 7 hrs. 30 min. 

LXXXIV. Page 124. 

1. $6637.05. 2. $9707.10. 3. $11187.66. 4. $656.88. 

6. $48166.56. 6. $3501.50. 7. $59.32^. 8. $87.57. 9. $542.88. 

10. $2192.33. 11. $51.28. 12. $160.46. 13. $78.17. 14. $581.95. 

16. $527.14. 16. $92.08. 17. $323.40. 18. $866. 19. $293. 

20. 693 bus. 0*5625 pks. 21. 7189 bus. 2*46875 pks. 

22. 530 cwt. 50*7 lbs. 

LXXXV. Pages 125, 126. 

1. $13050.96. 2. $34922.12^. 3. $83,89^. 4. $9906.85. 
6. 136 tons 12 cwt. 62 lbs. 8 oz. 6 62 tons 13 cwt. 76 lbs 
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7. $409659.25. 8. $68710.55. 9. $63456.25. 10. $2195.89. 
11. $466.72^. 12. $8341.79. 13. $7983. 14. 14173 tons 18 cwt. 1*6 lbs. 

15. $1359.71. 16. $1887.27. 17. £267. 17s. 5Jrf. 18. £31. 15s. 3rf. gain. 

19. $25626.04. 20. $5.82. 21. $836.46. 22. 559*8613671875 q. 
23. $587.16. 24. $16.01. 26. $35377.42. 26. $6464.91. 

LXXXVI. Page 128. 

1. $52.01. 2. $19.25. 8. $6.41. 4. $79.47. 6. $11.88. 

6. $19.49. 7. $617.41. 8. $56.86. 9. $137.88. 10. $45.12. 

11. $233.46. 12. $188.50. 

LXXXVII. Page 130. 

1. -6. 2. -285714. 3. -428571. 4. •57142$. 6. 714285. 6. -§5714^ 

7. -Od. 8. -61 9. £i. 10. 34-6§rf. 11. 65-14285? lbs. 

12. 7-8Sin. 13. 3-S57l4Sgal. 14. 52*14285? dys. 15. -6. 

16. -285714. 17. -428571. 18. -571426. 19. 5*1. 20. 20-23076§. 
21. 2-6S. 22. 451-§5714i 23. 50*26. 24. 19-458^. 25. 5*10416. 
26. 200*6l234567§. 27. 27*09$. 28. 4*4. 29. •566S1. 
80. 11-246913586. 81. -1. 32. -61. 88. -60l. 34. -6OOOI. 

LXXXVIII. Page 131. 

1. J. 2. ^. 8. iU' 4. J^h' B. 2^. 6. 10^. 7. U^Mf' 

8. mh 9. ^^. 10. jftUh' 11. TufWnr. 12- 4^^- 18. ^^ 
14. Th' 1«. 60^V 16. rWinr. 17. AV- la. iWr. W. ««• 

20. tWW. 21. 676^. 22. 30ftt- 23. 710^^. 24. ytVW 
25. 60H. 26. 10t>x. 

LXXXIX. Page 132. 

1. -1. . 2. 30-48. 3. 8*1237. 4. '006. 5. 4. 6. 3-7. 7. 71. 
8. -0001. 9. 1*679. 10. 1*25. 11. 4iff. 12. 7^- 13. ih- 

14. mf. 15. j^. 16. 35. 17. m- 









xc. 


Page 133. 






1. 


373-1740... 


2. 


376-1403.. 


3. 3*454033... 


4. 


21-70958.. 


5. 


448*4084... 


6. 


8047*894.. 


7. 3-088809... 


8. 


566-9099.. 


9. 


296*6555... 


10. 


45*22552. 


11. -0599459... 


12. 


1-779777.. 


18. 


334*0332... 


14. 


*2332816.. 


15. 2*522923... 


16. 


11-11102.. 


17. 


213*2617... 


18. 


8*226464.. 


19. -6650650... 


20. 


7-222222... 


21. 


919*0160... 


22. 


1*129338.. 


,, 
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XCL Page 134. 

1. 7-066. a. 4*1646. 8. l-458l47856d. 4. 1*58463551 6. -08^§. 

6. 79-91. 7. 2-2t 8. -96. 9. 3713§S. 10. 20587041. 11. iSS. 

18. *867ld. 18. '08599492381676. 14. 2*045936§. 16. 'Slsd. 

16. -6d. 17. -179. 18. 017180221. 19. 3-5do6. 20. 3-975006. 

21. 2'18726^5. 88. l-2906019ll. 28. 84*44639585. 

84. -2711791990009& 86. 1. 36. 14-53lll44l77480§. 

87. 21*2457736754756556. 28. 3*5635d4548364746§. 

89. 180-0258683564482574. 80. 297*75668139838436. 



XCIL Page 135. 

1. 25*4. a. 9*2. 8. 1*23066. 4. 6*646. 6. -09. 6. I*70l6. 

7. 133*4754166. 8. *0000045654. 9. 72*199466. 10. 861*6207685. 

11. 7*2483861 12. 337*5408l025. IS. 12*340474. 

14. 603-7353410886. 16. 1209*878*25l2i 16. '00362676. 17. -76. 

18. -3674616. 19. 5*621688355. 20. 1111*1. 31. 661728395. 

23. 392*25696284519... 28. *318^3543l. 34. 856*6856. 

35. W=4*681632...42 figs. 26. 142*657142. 27. *12l85. 

28. 10*8739569609134... 29. 0625. 80. ll*60476l. 31. '005. 

82. 3*606. 88. -1236858... 42 figs. 84. 1562*5. 



XCm Page 136. 

1. -OOS. a. *064. 8. -llSf. 4. 1*0462?. 6. 1*?66. 6. -2816. 

7. 161*651. 8. 3*046. 9. 18*656. 10. -32?. 11. 1*4657145. 

13. 1-49635036. 13. 15*674. 14. 8*29305. 16. *58038147l... 

16. -0000446428571. 17. 306*1. 18. 3375. 19. *000l6. 20. 1*226. 

21. -l66. 32. -02585. 33. 1*5. 84. 100-M7 = 5-68235...15 figs. 

26. 6*66-7-83= *076670317634173... 



XCIV. Page 137. 

1. recurs; 12. (12 is a limit; the actual period has 6 digits). 

4. recurs ; 1. .6. recurs ; 1. 7. recurs ; 6. 9. recurs ; 1. 

11. recurs ; 2. 13. recurs ; 30. 14. recurs ; 9. . 15. recurs ; 6. 
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XCV. Page 137. 



1. 2. 2. A='^4761§. 3. 1. 4. 4. 5. -126. 6. ± 

7. J^=U-6487S. 8.9. 9. -9114285?. 10. •192§0123466?. 

11. -97916. 12. 3-§6202. 13. 1. 14. 7Jhr= -010714285. 

XCVL Page 138. 

1. 58-2652 pts. 2. 632-746 in. 3. •62963 yds. 4. 33-10 lbs. 

5. -007954. 6. -172013§. 7. -01185916, 8. -204. 9. -166§62386. 

10. $7.20. 11. $134.50. 13. 6 tons 19 cwt. 67 lbs. 8 oz. 

14. 19-544 lbs. 15. 188-848. 16. 11 -6§7S inches. 

17. 6 yds. 1 ft. 2-8506162 in. 18. 7-13?. 19. $26. 20. ft. 



XCVII. Page U4. 

1. 122-96. 2. 2-4901. 3. 66-783. 4. 718-95. 5. 11359. 

6. 61-768. 7. 17029. 8. 4303-8. 9. -60941. 10. 396-154. 
11. 64398 yds. 12. 1*9999... = 2. 18. 2-9999... =3. 14. 213-4 litres. 
15. 1924-79 yds. 16. 383000 kilometres. 17. 276999*08 ft. 

18. 5788*8 sq. yds. 

XCVIII. Page 145. 

1. 6-3277. 2. -10774. 3. 8470-4. 4. -31831. 5. 7-07108. 
6. 257*99. 7. -7448. 16. -99412. 



XCIX. Pages 145, 146. 

1. 141 yds. 1 ft 3 in. 2. 1244*611 yds. 3. 403 times. 4. 62*36 in. 
5. 314 16 sq. ft. 6. 4*7746 ft. 7. 13 768 ft 8. 336 revolutions. 
9. 9168-3 sq. ft 10. 24890096 yds. 11. 1244'611 yds. 



12. 20-78 in. nearly. 



C. Page 147. 



1. $6227060.62i. 2. $515103.67J. .8. $11794.66. 4. $936.56. 

5. $78.75. 6. $27316.73. 7. $243.95. V $21534.98. 9. $10319.62. 
10. ^63.83. 11.. $98.46. 12. $30.^7. 13. $2074.17. . 14. $41.99; 
$189.33. 15. $1.65; $7984.60. 16.^6691.90. ' 17. $1404.47. 
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CL Page 148. 

1. 6 his. 18i min. 2. '07183. 8. 8141592. 4. -35416. 

6. 118-001 gra. 6. 171828, etc 7. 1*41068, etc 8. 3-14159, etc 

9. 1*15356, etc. 10. 50 acres 4499 sq. yds. 11. $5089*39. 

la. 64*88 miles. 14. 202*36 fr. 16. 14*7735 kilograms. 

16. 764-55 litres. 17. 4969-6 kilograms. 



OIL Pages 161, 152. 

1. 1 sq. yd. 2. 90 sq. in. 8. 1 sq. ft. 64 sq. in. 4. 15 sq. yds. 5 sq. ft. 

6. 43 sq. yds. 3 sq. ft 6. 2022 sq. yds. 5 sq. ft 

7. 433 sq. yds. 3 sq. ft 8. 1 sq. yd. 8 sq. ft 72 sq. in. 
9. 4 sq. ft 91 sq. in. 10. 6 sq. ft 60 sq. in. 11. 25^ sq. yds. 

12. 36} sq. yds. 18. 56| sq. yds. 14. 27 sq. yds. 2 sq. ft 

15. 57 sq. yds. 7 sq. ft 16. 25 sq. yds. 17. 7 ft 18. 12 ft. 
19. 5 ft. 4 in. 20. 7 ft. 4 in. 21. 3 acres. 22. 3080 sq. yds. 
28. 34 sq. yds. 36 sq. in. 24. 16} sq. ft. 26. 13200 sq. ft 

26. 6 sq. ft 27. (i) 1 ac. 860 sq. yds.; (ii) 1 ac. 347 sq. yds. 7 sq. ft; 
(iii) 512 sq. yds. 2 sq. ft 28. (i) 38i sq. yds.; (ii) 14 sq. yds. 7 sq. ft; 
(iii) 23 sq. yds. 6 sq. ft 72 sq. in. 29. $239.13. 30. 50 c 

31. $29.17. 82. $32.40. 83. $110.01. 

84. 10 sq. yds. 4 sq. ft 108 sq. in. 86. 21^ ft 86. 36 ft. 

87. 907ift. 

cm Page 153. 

1. 28 yds. 2. 26| yds. 8. 37i yds. 4. 44iyds. 5. 20 yds. 2f ft 
6. 52 yds. 

CIV. Page 154. 

1. 66 sq. yds. 6 sq. ft 2. 80 sq. yds. 6 sq. ft 

3. 55 sq. yds. 3 sq. ft. 108 sq. in. 4. 77 sq, yds. 4 sq. ft 
6. 413 sq. yds. 6. 87 sq. yds. 5 sq. ft. 



CV. Page 155. 

1. 205f yds. 2. 186| yds. 3. 264 yds. 4. 270 yds. 
.8. 220 yds. 6. 1221 yds. 
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CVI. Pages 156, 157. 

1. 72, 2. 1900. 3. 8. 4. 18f 5. 15^. 6. $13.86. 7. $1.0i 
8. $128. 9. $8.53. 10. $61.76. 11. $249.08. 12. $35.10. 

13. 13 ft. 6 in. 14. 45 ft. 15. 24 ft. 16. 60 ft. 17. $71.56. 

18. .$74.02. 19. $13. 82^. 20. 324 bricks. 

CVTI. Page 168. 

L 2 c. yds. 6 c. ft. 2. 45 c. yds. 3. 2 c. yds, 18 c. ft. 

4. 6 c. yds. 6 c. ft. 5. 480 c. in. 6. 6 c. yds. 16 c. ft. 

CVIII Page 169. 

1. 19 tons 5 cwt. 2. 8640 bricks. 3. 108 times. 4. 91|^ times. 
6. 1 hr. 4 m. 6. 6 min. 28*5 sec. 



CIX. Pages 160, 161. 

1. 20 ft. 2. 1680 sq. ft. 3. $9.39. 4. 24 ft. per sec. 5. 768 yds. 

6. 32-4 ft. 7. $19.57. 8. $175. 9. 3 ft. 3 in. 10. $823.68. 
11. $1628. 12. 4 inches. 13. 1829 tons 10 cwt. 40 lbs. 
14. 63063 tons ; 15080889*6 gals. 16. 56|^ tons. 16. 217800 tons. 
17. $1.01. 18. 2 inches. 

ex. Page 162. 

1. 4 ft. 3 in. 2. 21 ft. 11 J in. 8. 3 sq. ft. 41 J sq. in. 

4. 8 sq. ft. 132^ sq. in. 5. 37 sq. ft. 129^ sq. in. 6. 3 c. ft. 486 c. in. 

7. 5 c. ft. 1544 c. in. 8. 619| c. in. 9. 41 ft. 9'. 10. 3 ft. 11'. 6". 
11. 3 sq. ft. 3'.0".3"'. 12. 4 c. ft. 0'. 9".0'".2"". 13. 45 ft. 8'. 8". 
14. 38 sq. ft. 10'. 6". 3'". 15. 6 c. yd. 20 c. ft, 6'. 3". 6'". &'". 



0X1. Page 163. 

1. 72 sq. ft. 11'. 2. 274 sq. ft. 6'". 2"". 3. 62 sq. ft. 10'. 10". 
4. 316 sq. ft. 8'. 11". 0'". 10"". 5. 170 c. ft. '4'. 7". 7'". 2"" (6624 c. in.) 

6. 812 c. ft. 10'. 9". 3'". 6"" (1551i c. in.) > 

7. 460 c. ft. 6'. 3". 10'". 8"". 6'"" (766^ c. in.) 8. 10 ft. 10 in. (nearly). 
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OXTT. Page 165. 

1. 66 c. 8. 40 c. 8. 84 c 4. 3 c. ; 60 c. 6. $8. 6. (i) 900 ; 
(ii) 6300. 7. 24 acres. 8. 77 acres. 9. 9 hrs. 10. 12 lbs. 



CXTTT. Pages 166, 167. 

1. 21 days. 2. 375 days. S. 5 days. 4. 8 hours. 6. 5 hours. 
8. 275 mths. 7. 8 d. 8. 20 d. 9. 40. 10. 10. 



OXIV. Pages 167, 168, 169, 170. 

1. 105 days. 2. 15 hrs. 3. 8 cwt. 4. $5. 6. 27 acres. 6. $650. 

7. 6 men. 8. 400 days. 9. 36 loaves. 10. 12 horses. 11. 18 bus. 

12. 35 days. 13. 49 days. 14. 200 bus. 16. 49 yds. 16. $530.40. 
17. 42 yds. 18. $192. 19. $2800. 20. $3750. 

CXV. Pages 171, 172, 173. 

1. $4.68. 2. li bush. 3. 20^ yds. 4. $10.53. 6. $9.82. 

6. $102.08. 7. $1619.50. 8. 45 hrs. 9. $76.32. 10. $6593.92. 
11. 410 bus. 12. $515.70. 13. $2.14^. 14. 3 hrs. 3 m. 36 sec. 
16. 26-18 yds. 16. 7 hrs. 17. 69 yds. 18. 20 days. 19. 4 days. 
20. A2j\ days. 21. '99989367936S. 22. $201.96. 23. $674.80. 

24. $1222.98. 26. $3742.80. 26. $312.62. 27. 142^ lbs. 
28. 10 lbs. 29. 2 hrs. 30. 36 men. 81. 24604+.. . 32. $400.83. 
33. 75 yds. 34. $16.50. 36. 166^ days. 36. $2287896.92. 
37. $48.16. 38. 10. 39. 195 yds. 10 in. 40. 50 days. 41. 40 d. 
42. 10. 43. 24|. 44. $62500. 45. $111111. 46. 60 days. 

OXVI. Pages 174, 175, 176, 177. 

1. 8. 2. $270. S. 25. 4. 21 weeks. 6. 56. 6. $700. 

7. 50 hours. 8. 13i. 9. 35. 10. $92.75. 11. 16. 12. 14. 

13. 5. 14. $20. 15. 8. 16. 7i c. 17. 32 mi. 18. 110 min. 
19. 495. 20. 30. 21. 4. 22. 10. 23. 108^ tons. 24. $3.20. 

25. $251.10. '26.54 02. 27.25. 28. 13^ wks. 29.60. 
30. 25. 31. 4. 32. 4. 33. 72. 34. 264 yds. 35. 6. 36. 4 da3*B. 
87. $15.30. 38. 5.. .39. 42 ft. 8 m. .40. 7 days. .41.. 5}. 42. 6sVt* 
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CXVIL Pages 177, 178. 

1, 13i. 2. 504. 3. 26419-2. 4. 267*3. 5. 749 lire 72'3 c. 

6. 715. 7. 5 fr. 10 c. nearly. 8. 4343 reis. 9. 75 c. 10. 66. 
11. £12. 12. ^U^ cents. 13. The merchant in paying through 
Amsterdam loses £12fi. 14. He should remit by London. 

CXVIII. Pages 180, 181. 

1. At 2 h. 30 m. p.m., 75 m. fr. London. 2. 1^ l^rs. after dep. 
fr. London, 49^ m. fr. London. 3. In 6 hrs. 40 m. ; |^ hr. earlier. 
4. 3f J m. per hr. 5. 1 d. 16 hrs. from time the second was put 
right. 6. 1 hr. 7. (i) 120 days ; (ii) 11 h. 46' ; (iii) 12 h. 16'. 

8. (i) 21^^' past 7, 5i^^' past 7 ; (ii) 27tV past 2 ; (iii) 16^' past 12 ; 
49tV past 12 ; (iv) 32^^' past 3. 9. (i) 21^' past 4, 5^^' past 1 ; 

(ii) 38^' past 1, 54^' past 4. 10. 10 h. 6 m. 13^ sec. 

11. 10^ min. gain. 12. 27^ ^in. 13. 6^ hrs. 

14. A wins by 1^ sees. 16. B wins by 60 yds. -^ min. 16. 39^^ yds. 

17. 20ff yds. 18. 60". 

OXIX. Page 183. 

1. 6 days. 2. 6 days. 3. 8f. 4. 14|min. 6. H- 6. 8f m. 7. llf. 

8. 32. 9. 37i. 10. 40 c. 11. 12^ dys. 12. 7f dys. 13. 5. 

CXX. Page 186. 

1. 4i. 2. 40. 3. $6.75. 4. 5 cwt. 25 lbs. 6. $202.50. 6. 9 men. 

7. 2 acres. 8. 50 c. 9. 5 c. 10. $1.38. 11. $16.19. 12. $49. 
13. $119.56. 14. $43.61. 15. $382.12. 16. $45.59. 17. $427,70. 

18. $56.46. 19. $648.75. 20. 120 sheep. 21. $191.25. 22. $5.70. 
23. 125 eggs. 24. 48 miles. 26. $8.75. 26. $260. 27. $14.38. 

CXXI. Pages 186, 187. 

1. 6. 2. 7J. 3. 37J. 4. 25. 6. 16?. 6. 13J. 7. 50. 8. 58^. 

9. 7i. 10. 13i. 11. 3i 12. U, 13. 35. 14. 4H. 1«. 10. 
16. 41§. 17. 26§. 18. 2400. 19. 20000. 20. $4000. 21. $7800. 
22. $7200. 23. (i) 65600 ; (ii) 67240 ; (ui) 68921. 24. (i) 130050 ; 
(u) 127600 ; (iii) 125000. 

Y 
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CXXII. Page 188. 



1. $10. 8. $70. 8. $270. 4. $2100. 6. $962.50. 6. $159.84. 

7. $1248. 8. $1400. 9. $719.25. 10. $206.25. 11. $1023. 

12. $179.85. 13. $448.92. 14. $39.65. 16. $79.45. 16. $5.10. 

17. $73.80. 18. $165.66. 19. $48.10. 20. $13.41. 21. $26.40. 

22. $54.13. 28. $7.33. 24. $763.56. 26. $2430. 



CXXIII. Page 189. 

1. $292.44. 2. $187.28. 3. $15.44. 4. $145.05. 6. $792.35. 
6. $174.14. 7. $4288.57. 8. $3743.60. 9. $9533.34. 
10. $39499.52. 11. $44351.01. 12. $85523.13. 





CXXTV. Page 191. 


1. $624.32. 

6. $468.34. 

11. $782.36. 


2. $1092.56. 3. $2522. 4. $942.39. 5. $478.83. 
7. $260.21. 8. $258.89. 9. $305.29. 10. $306.83. 
12. $1164.36. 




OXXV. Page 192. 


1. $1711.50. 
6. $423.85. 


2. $587.01. 3. $1373.55. 4. $111.08. 6. $111.54. 
7. $5701.72. 8. $916:76. 




OX XVI. Page 193. 



1. $464.62. 2. $522.53. 3. $904.67. 4. $33763.09. 6. $4322.89. 

6. $19. 7. $7247.63. 8. $387.86. 9. $553.68. 10. $1719.49. 
11. $91865.33. 12. $2028.12. 13. 15144-3475 frs. 14. 82792-22 frs. 
16. $5064.90. 16. $8129.25. 17. $10459.30. 18. 503156*69(318) frs. 

CXXVII. Pages 194, 195. 

1. 4. 2. 4. 8. 5. 4. 7. 6. 4J. 6. 4i. 7. 4. 8. 5. 
9. 3i yrs. 10. 13. 11. 3i yrs. 12. 7^. 13. $350. 
14. $4100. 16. $2300. 16. $956. 17. $3001. 18. $21160. 
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CXXVIII Pages 196, 197. 

1. $1846. 2. 3i per cent. 3. 7i yrs. 4. $26000. 5. 8} yrs. 

6. 10. 7. $400. 8. $1000. 9. 3^. 10. $17.96. 11. May 29th. 

12. $613.50. 13. $22.77. 14. $76321. 16. $42.56. 19. June 6ih. 

20. $1.10. 21. 24 c. 22. $3125. 23. $8006.34. 24. $8008.71. 



CXXIX. Page 197. 

1. $1. 2. (i) $4.25 ; (ii) $2.97i; (iii) $19.12J; (iv) $6.51. 

3. (i) 68, Zd. ; (ii) 35. 9d. ; (iii) 5s. ; (iv) 10s. 5d. 4. 20 per cent. 



CXXX. Page 199. 

1. $250. 2. $3000. 3. $4000. 4. $1375. 6. $1440. 6. $1356.48. 
7. $651.35. 8. $309.79. 9. $17.15. 10. $264.55. 11. $13.04. 
12. $10.71. 

CXXXI. Page 199. 

1. $909.09 ; $90.91. 2. $4166.67 ; $833.33. 3. $7954.55 ; 
$795.45. 4. $4481.96 ; $239.04. 6. $7883.50 ; $236.50. 
6. $13682.11 ; $592.89. 

CXXXII. Pages 200, 201. 

1. $8.42. 2. $15.89. 3. $17.68. 4. $2523.15. 6. $266.70. 

6. $120.13. 7. $33150. 8. $14579.06. 9. $3308.89. 10. $365000. 

11. $3389.63. 12. $3458.82. 13. $3475.75. 14. $983.03. 
16. $856.69. 

CXXXIII. Pages 201, 202. 

1. 15 c. 2. $26775. 3. $1.33. 4. $17166.67. 6. $70000. 
6. $5197.63. 7. $138.60. 8. $15.70. 9. $580.14. 10. $6437.24. 
11. $6395.77. 16. $24000. 16. $31.25. 



OXXXIV. Page 204. 
l.$42«98. 2. $33.57. 3. $1346.45. 4. $3.56. 6. $1486.52. 6. $10.67.. 
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OXXXV. Page 207. 

1. 3175*20 fr. 2. £1456. Bs, 2^ S. $716.62^. 4. $221. 6. £625. 
6. $403.10. 7. 5547 florins. 8. 651*42 fr. 9. £200. 10. $591.46. 
^1. £166. 16«, 6d, 12. 417316 florins. 

CXXXVT. Page 209. 

1. Yes. 2. No. 3. No. 4. 40i. 5. 35. 6. 2s, Qd. 7. 42| men. 

8. 20g acres. 9. 2 hrs. 48 min. 10. 12 lbs. 11. 21 days. 

12. 375 days. 13. 5 days. 14. 8 hrs. 16. 5 hrs. 16. 12^ min. 

CXXXVII. Pages 209, 210. 

1. $2.25. 2. 7112 oz. 3. 9*425 ft. nearly. 4. 1*91... ft. 5. 67^^:. 
6. $187.50. 7. 1-8 in. 8. $540. 

CXXXVIII. Pages 211, 212, 213, 214. 

1. 26 ; 65 ; 21. 2. $13 ; $26 ; $39 ; $39 ; $52. 3. $29.50 ; $59 ; 
$88.50 ; $118. 4. $66 ; $77 ; $110. 5. $876 ; $852. 6. $192 ; 
$240 ; $288. 7. 9 tons ; 6 tons ; 4 tons 10 cwt. 8. $7.50 ; $12 ; $5. 
9. $320 ; $360 ; $384. 10. 132 lbs. ; 28 lbs. ; 20 lbs. 11. $30 ; 
$7.50; $3; $1.50; $1. 12. $1760; $2112 ; $2464. 13. 20 lbs. 
14. 270 lbs. ; 198 lbs. (nitre) ; 42 Iba. (charcoal). 15. 720 lbs. ; 80 lbs. 
16. $28.95 ; $67.55. 17. 7 cwt. 82 lbs. ; 19 cwt. 55 lbs. 18. 13 of 
each coin. 19. $8 ; $80 ; $84. 20. $120 ; $60 ; $15. 21. $135 ; 
$45 ; $15. 22. $60 ; $105 ; $30. 23. (Child's share) 42 tons 4 cwt. 
32 lbs. ; (Woman's share) 84 tons 8 cwt. 64 lbs. ; (Man's share) 
126 tons 12 cwt. 96 lbs. 24. (Child's share) $658.95 ; (Woman's 
share) $1317.90 ; (Man's share) $1976.85. 25. $260. 26. $7288.41. 
27. $24.05 ; $48.10 ; $72.15 ; $120.25 ; $168.35. 28. 40 c. ; 40 c. ; 
80 c. ; $1.60 ; $3.20 ; $6.40. 29, 1 ac. 4760 sq. yds. 30. 8 yds. 
31. 2 ft. ; 2 ft. 3 in. 32. $189 ; $243. 33. $120. 34. $8316.90. 
36. $1000. 36. A, $1500 ; B, $2800 ; C, $2000. 87. A, $600 ; 
B, $600 ; C, $450 ; D, $400. 38. A, $16 ; B, $24 ; C, $40. 

39. A, $24; B, $25. 40. D, $3042. 41. $1527.21. 42. $115. 
43. $2625. 44. A, $142.50; B, $112.50; C, $90. 46. 121f ft. 
46. $5700. 47. 200. 48. 176 3d. 's; 48 half-sovs. ; 96 half-crowns. 
49. 50. 60. A man, $1.25 ; a woman, 75 c. ; a child, 60 c. 

61. A man, $367.50 ; a woman, $122.50 ; a child, $73.50. 62. $384. 
63. The diametr-rs are jVs ft. ; jViB ft. 64. 6 inches ; 8 inches, 
66. 4*2426 in. ; 5*6568 in. ^ ' 
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CXXXIX. Page 215. 

1. 8 bus. oats, 2 bus. peas. 2. 3 lbs. at 56 c, 1 lb. at 88 c. 

8. 5 lbs. at 68 c, 2 lbs. at 82 c 4. 12 cwt. at $6.25, $12.50, 
$15.50, and 37 cwt. at $17.50. 5. (i) 1 oats, 1 barley, 2 wheat ; 

(ii) 1 oats, 4 barley, 4 wheat. 6. 7 cwt. at $22, 7 cwt. at $27.60, 
2 cwt. at $18.75. 7. 3 parts of water to 10 of mUk. 

CXL. Pages 217, 218, 219. 

1. 20 per cent. 2. 22|| per cent. 8. 20 per cent. 4. $180. 

6. 25 per cent. 6. $40. 7. $132. 8. $123. 9. $300. 10. $9.07i 
11. $2.50. 12. 86 c. 18. 5 per cent. 14. $11. 15. Gain 18} per cent. 
16. $428. 17. $7.35. 18. 10 per cent. 19. $9932.25. 20. $26.67. 
21. $7.29. 22. 5|,V per cent. 28. $450. 24. 740 marks. 

26. 115*923... per thousand. 26. 175000. 27. (i) 40,000 ; (ii) 1320 ; 
(iii) 800. 28. Loss 80 per cent. 29. 62J per cent. 80. $50. 

31. 25 per cent. 82. 96 cents per 1000. 88. $200. 84. $6 per gal. 
36. (i) 14^ per cent. ; (ii) in equal pai-ts. 36. 50 per cent. 

87. 30 cents per lb. 88. 78 cents per lb. 89. $8000000. 

40. 1 lb. at 72 c, 2 lbs. at 84 c. 41. 42 cents per lb. 

42. 36 cents per lb. 48. 132^ per cent. 44. 2 for 3 cents ; 512. 
46. 15 for 21 cents, 40 dozen. 

CXLI. Pages 220, 221. 

1. 81 yrs. 2. 19500. 8. 10 st. lOJ lbs. 4. 50'. 6. 3J ft. 

6. 9 miles. 7. 36 miles per hour. 8. 9 st. 6^ lbs. 9. 13 st 2 lbs. 
10. $8.50. 11. $6.53. 12. $6.40. 18. 14*6Syrs. 14; 16*8 yrs. 
16. 17*7S, or, l7Ayr8. 16. $9^. 17. 51'. 

OXLIL Page 223. 

1. $980; $30. 2. $3360; $120. 3. $1856.25; $68.75. 4. $4698; 
$217.50. 6. $5712; $190.40. 6. $17028; $516. 

OXLIII. Pages 224, 225. 

1. $50000 ; $2500. 2. $70000. 8. $243790.31. 4. $910 ; 
$22181.25. 6. $650 ; $20000. 6. $750. 7. $119700. 
8. $14000. 9. $20000 stock ; $22800. 10. $43800. 
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OXLIV. Pages 226, 227, 228. 

1. $1099.25. 9. $75. 8. $114.75. 4. $525. 6. $28.94. 

6. 4*32 per cent. 7. 8*0769... per cent. 8. 8*536... per cent 
9. 4*762... percent. 10. 8*669... per cent 11. 3*286... per cent 

12. 4*777... per cent 18. 4 per cents. 14. 4*4 per cent stock. 

16. 5 per cents. 16. 6 per cents. 17. Great Northern. 

18. 3i per cents. 19. $150. 90. $22200; $14985. 21. $80. 

22. $23. 28. 77i. 24. $7.19. 26. $2136. 26. 190 per cent 

27. $65275. 28. $1800. 29. 2 years. 80. $3944 in 3 per cents., 
$156 in 5 per cents. 81. $480 in 3 per cents., $2520 in 6 per cents. 

82. $15000. 88. $1380. 84. $108. 86. 117. 86. 50 per cent 

87. 104,6^. 88. $37800. 89. 66^. 40. 2|f %. 41. $22960. 

42. A ; $15854. 48. $6000 stock, 114}. 

OXLV. Page 230. 

1. 9. 2. 81. 8. 243. 4. 128. 6. 625. 6. 343. 7. 512. 

8. 441. 9. 1225. 10. 9261. 

OXLVII Page 233. 

1. 27. 2. 32. 8. 42. 4. 10^. 6. 7H- 6. 63. 7. 93. 8. 69. 

9. 153. 10. 366. 11. 339. 12. 307. 18. 619. 14. 804. 
15. 919. 16. 971. 17. 3579. 18. 4607. 19. 1679. 20. 9070. 
21. 568-04. 22. 80*047. 23. 7080*69. 24. 2*236. 26. 3*162. 
26. 2*646. 27. 3162. 28. *5774. 29. '8165. 80. *5345. 
31. 1*773. 32. *3944. 38. '6129. 84. 1*772. 86. -5877. 
86. 2-003. 87. 31*02. 88. 5*774. 

OXLVIII. Page 235. 

2. 3*1622. 3. 1*6537. 4. -409684. 6. 14*142. 6. -65465. 

7. *74635. 8. 4*4721. 9. 69*5701. 10. 1*7724. 11. 1*6487. 
12. -65901. 18. 1*6818. 14. 1*196836. 

CXLIX. Page 235. 

1. 1 J miles. 2. 311*1 yds. 3.852 yds. 4. 1470*9 ft. nearly. 
6. 141*42. 6. 39*25... =391 yds. (very nearly). 7. 6 ft. 8*1 in. 

8. 5*01... ft. 
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OL. Page 238. 

1. 12. 2. 31. 8. 44. 4. 81. 5. 29J. 6. 43J. 7. 171. 8. 174. 

9. 337. 10. 317. 11. 247. 12. 306. 18. 3-57. 14. -824. 

16. 70-7. 16. 11-81. 17. 2801. 18. 1077*2. 19. 53*29. 20. 13*05. 

21. 3*6. 22. *05609. 23. 1*259. 25. 1*259... 26. '584... 

27. *271... 28.2*164... 29.4*641... 30. 9 ft. 6 inches. 31. 15| in. 

82. 27in.(edge), 27 V3 in. (diagonal). 33. 36 ^10 in. = 36x2*154.. .in. 

34. 10^2 in. = 10x1*269... 



OLI. Pages 240, 241. 



1. 2626, 

2. 1221, 
8. 1660, 
4. 2020, 
6. 2205, 

ten 

6. ' lOOOOO; 

7. 40000, 

8. 210, 

9. 172800, 



1750, 
710, 
1247, 
1274, 
1425, 



1111101000, 
111001000, 
1010100111, 
1010111100, 
1100010101, 



1101001, 
121220, 
221011, 
221221, 

1002020, 
2 



twelve 

6e4. 
320. 
487. 
4t4. 
569. 



11200000, 

2240000, 

1320, 

21012200. 



11000011010100000, 

1001110001000000, 

11010010, 

101010001100000000, 



twelve 




10. 1441728, 332113403, 101011111111111000000, 696400. 



OLII. Page 243. 

ten 7 twelve 8 6 8 

1. % -2, -4, -1. 6. -4, *5S, 

2. -2, -1254, -^49?, -6121. 7. -4, '6314, 
8. •8S, *5, -t, *2l, 8. *444043, '63, 
4. -428571, *3. •5l86tS, *l02126. 9. *65, 761, 

6. -305, •20654S, -38, -0220. 10. 242103... •3605642.. 

eleven 2 7 9 twelve 



6. 


*?5, 


•16^ 


7. 


•s, 


•lio6. 


8. 


*884... 


*110011. 


9. 


•t77... 


*iiliioo6. 


10. 


•5, 


*Oiiioioool. 



11. -IS, 

12. 5-54, 

13. 2*060. 

14. 4*041. 
16. -2, 



•S, -3 

6*S, 5-46. 
2*108... 2*168., 
4*070... 4-106.. 
•3, -4. 
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ten a 



16. -foSopif. -iOllOlOOOOlOOlOlll, •46324101S. 

17. -928 or Ht, '111011011001000 610., -633206... 

18. -703125 0111, -101101, -46311264. 

19. -1484875 0?^, -0010011, -1016253443626201. 
92. 197HH. 2S. 877A'». ^ HUm- 

The 8oalea mentioned are those in which ihe frojctioTis can he expressed 
in a Terminating form ; in the remaining scales they recur, 
97. 3, 6, 9, twelve. 98. 5, ten. 29. 6, twelve. 80. 6, twelve. 
81. 6, twelve. 89. none. 83. none. 84. 2, 4, 6, 8, ten, twelve. 
85. 3, 6, 9, twelvet 86. none. 



EXAMPLES FOR EXERCISE. CLIII. 

1. One billion three hundred thousand five hundred. 2. $4379.43. 
8. 2i cents. 4. 720. 5. 1483 yds. 1 ft. 10 in. 6. 3^. 7. fM- 
8. -031875. 9. 3 tons 181 lbs. 10. 81^ sq. yds. 



11. T*fT. 12. 22U. IS. f 14. $14.40. 16. fV- 16. '14 ; ^tJ^t. 
17. 16. 18. -0028125. 19. 13 tons 3 cwt. 75 lbs. 90. $566.18. 



91. 3,050,372,424. 22. 12 m. 5 fur. 2 yds. 8 in. 23. 3 cwt. 37 lbs. 8 oz. 
24. f ; ^. 26. 21|. 26. -^. 27. 8 days 21 hrs. 12 min. 30 sees. 
28. 153-41134. 29. 3 cWt. 50 lbs. 80. 18 days. 

81. 181749. 82. 31264. 33. 9240. 34. 12 ; H- 36. 6(. 36. Hi- 
87. Five hundred ; five tenths ; five ten- thousandths. 88. 1*59964 ; 
-00236. 89. -511. 40. $860. 



41. 1607266. 49. 107 sq. yds. 6 sq. ft. 48. H- 44. 58^V M. h 
46. 2 hrs. i^ij mm. 47. 53*875; *08. 48. -56875. 49. 3^ days. 
60. 4 min. 47 sees. 



61. 1 ton 16 cwt 71? lbs. 69. 924. 68. 41|. 64. IH- 

66. 1108 yds. 2 ft. 4f in. 66. $1.54. 67. ^^ ; 1-096. 

68. 59 days 13 hrs^ 30 min. 69. 12 acres. 60. 4200 half-crowns. 

61. 245800 oz. 69. 5720. 63. 2202 sq. yds. 3 sq. ft. 18 sq. in. 

64. f ; ff . 66. 9H. 66. 1^- 67. $6.87. 68. 1024-38 ; 73730. 

69. -088125. 70. $153.12. 
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71. $8565.78. 72. 370. 7S. 6400. 74. i- 75. IH- 

76. 20 tons 13 cwt. 33^ lbs. 77. 42 miles. 78. '0875 ; Ui- 
79. 6 wks. 1 day 11 hrs. 80. 195. 6d. 



81. 12451. 82. $1812.78. 83. 720. 84. 1432 tons 2 cwt. 80 lbs. 
85. 3H. 86. U%. 87. '00016. 88. -16. 89. -6225. 90. $394. 



91. 4896 yds. 2 ft. 5 in. 92. 113 sq. yds. 7 sq. ft. 9S. i^Hf- 

94. 12^. 96. 2^. 96. $406.60. 97. H- »«. 1685-4412. 
99. 74 tons 9 cwt. 6^ lbs. 100. $383.26. 



101. Two billions seventy-one millions three thousand six hundred 
and one. 102. 37 yds. 2 ft. 11 in. 

103. (i) 34 sq. yds. 6 sq. ft. 72 sq. in. ; (ii) 25 ft. 104. |. 

105. H, h h H' 106. 2|. 107. $59.45. 108. -^ ; '0808. 

109. £17. 65. lOJd. 110. (i) 1000 times; (ii) 1,000,000 times ; 

(iii) one denotes that there are no hundreds, the other no tenths. 



111. 183261 grs. ; 6 cwt. 28 lbs. 9 oz. 112. $18.88. 113. 120. 

114. 6 yds. 2 ft. 6^ in. 116. 22^. 116. ^^^, 117. $10500. 

118. 488*75 ; -025. 119. '14376, 120. One receives $37.50 ; 

each of the others $12.50. 

121. 83448. 122. 606 tons 16 cwt. 31 lbs. 4 oz. 123. |5. 

124. 2H. 126. H*. 126. ifif. 127. 4-25. 

128. '7644 ; 2*5. 129. '8. 130. 45 min. 

ISl. 2 cwt. 4 lbs. 132. 40 sq. yds. 4 sq. ft. 133. 1008. 

134. 5 tons 10 cwt. 36 lbs. 14^^ oz. 136. 9^^, 136. $7.31. 

137. $15.12. 138. '626 ; i-g^. 139. 273 yds. 2 ft. 3'76 in. 

140. 20 yds. 

141. One hundred and fourteen thousand nine hundred and ninety-six. 

142. 1111 wks. 4 days 11 hrs. 143. 97 francs. 144. i- 145. IJf. 
146. 1 ton 12 cwt. If lbs. 147. 2 remainder ; 38 divisor. 
148. 30'7622. 149. 38'25. 150. 44 tons 2 cwt. 75 lbs. 



151. 60 tons 5 cwt. 73 lbs. 162. 58 sq. yds. 8 sq. ft. 153. 840. 
164. 8^j. 165. 15H. 156. ^%.. 157. t*«u- IW- 727272. 
169. '0125. 160. $26.26. 
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161. 1SB6 sq. yds. 8 sq. ft. 96 sq. in. 162. A. 168. ^. 

164. 15-836271. 166. $124.6875. 166. |325.60 ( + a fraction of a cent). 
167. $2117.49. 168. 118 ; 889 ; 678 ; 791. 

169. 651 tons 1 cwt. 20 lbs. 18^ oz. 170. 18||. 

171. 89 yds. 2 ft. Of in. 172. 491*401. 178. $28800. 

174. $1726.67. 176. $66.72. 176. $423.39. 



177. 1772 tons 10 cwt. 87 lbs. 2 oz. 178. 5^. 179. |. 

180. 05408 ; '0^45. 181. $21.75. 182. $72. 188. $567.77. 

184. 42 sq. yds. 2^ sq. ft. 

186. 22i. 186. tt. 187. '1565955 ; -000000000862. 

188. 28*9342229. 189. 6 cwt. 18 lbs. 12 oz. 190. $797. 

191. 130 lbs. 192. $40000. 



193. 2 a. 183 po. 14 sq. yds. 108 sq. in. 194. l^^. 

196. -82261904?. 196. -3679344 ; 67-36. 197. 90 lbs. 

198. 18 days. 199. $3.75. 200. $58406.25. 

201. 7|j^. 902. 5 days 20 hrs. 208. -14285?. 

204. 10 cwt. 93 lbs. 12 oz. 206. $545710. 206. $1658.88 ; 36 days. 

207. $936.48. 208. A, 375 ; B, 150 ; G, 225. 



209. 37 sq. yds. 4^ sq. ft. 210. 12f^. 211. 1^- 212. 15i ; 2^. 
218. 1181*5625; 5). 214. 170 yds. 215. ^47.73. 

216. A, $1100 ; B, $220 ; C, $27.50. 



217. 35 cwt. 49 lbs. 5 oz. 218. 2 tons 18 cwt. Sl^f lbs. 219: 3|. 
220. *62512 ; *002. 221. 25 sq. ft. 27 sq. in. 222. 162. 

223. 64,050,000 miles. 224. $3820.32. 



226. 7^y. 226. 8|. 227. 'iS; A) 3^. 228. ^of $1 ( = 6cents + ); 
*03125. 229. $257.61. 230. 6 hours. 281. $1508.25. 

282. $306.60 ; $383.25 ; $587.65. 



238. f. 234. f 286 4*625; 11*0^. 236. '06; 48. 287. *811875. 

238. $32.19. 239. $975.47 ; $7218.47. 240. 66 sq. yds. 1 sq. ft. 

241. h 242. $5.83. 248. 1^ J 4^. 244. $19.66. 

246. 11 tons 17 cwt. 79^ lb. 246. 67i acres. 247. $1324.05. 

248. $2.14. 
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249. 1,456,975/. 260. 1. 261. 1*57142§. 262. 2(W5V^. 263. $10. 
264. 275 acres 2 r. 266. 10| miles. 266. A, $210; B, $200 ; 6V$190. 



267. 12f 268. ^^^. 269. '000145 ; 10556*467585714. 

260. 1 ton 3 cwt. 42 lbs. 3 oz. ; '117109375. 261. $807.95. 

262. $1960.87i. 263. $2984.62}. 264. $465.52. 



266. 171,675 guas. 266. 14^- 267. 2 yds. 1 ft. 7^ in. 

268. '115625. 269. 33*6. 270. $181.56. 271. $12,000. 272. 19 acres. 



273. 4 hours 33 m. 9} sees. 274. |. 276. '0645. 276. $143.82. 
277. '03475. 278. $6555.36. 279. 80 men. 280. $2400. 



281. 22^|{. 282. 266 days 11 hrs. 3 m. 42} sec. 

283. 45 days 9 hrs. 18f min. 284. 31 '25. 286. $236.08. 

286. $451.05. 287. 285 days. 288. $3840. 

289. 18 times ; 1 a. 74 p. 290. IJ. 291. '008 ; 12*365. 

292. *8S. 293. 25*694. ^94. $130 x 26 x 26, or $87880. 

296. 172239 c. yds. 26 c. ft. 288 c. in. 296. 4i7 miles. 

297. 143 ; 85800. 298. 6 c. yds. 500 c. in. 299. $9.55. 
300. 2*114 ; 30*16. 301. 2^. Q'8d, 302. $878.90. 
SOS. $35.10. 304. 17 in. 



306. 23 m. 220 yds. 7*2 in. 306. 19^. 307. ?. 308. :iV- 

809. 26*2f ; y^. 310. 45 yds. 311. $487.75. 312. 26| days. 

313. 131670. 314. 311 yds. 1^ in. 316. 7U' 316. 52*6875 ; *6. 
317. '0375832; *016. 318. $640.64. 319. $648.90 (Int.) ; 

$630 (Disc.). 820. Ay $656 ; B, $287. 



321. 4464 tons 5 cwt. 2 qrs. 24 lbs. 322. 1|^. 323. li^ 

324. -Mji ; U' 326. 19 m. 1004 yds. 1 ft. 4 in. 326. 10,821. 

327. 20i yds. by 41 yds. 328. $30. 



329. 84flbs. 330. 4125 cu. ft. 331. 4^. 332. 1^. 

333. 2-631 ; '23870476 ; '00003125. 334. $2595.94. 336. 27} days. 

336. $24048 ; $20040 ; $15030. 

337. 3 ; 375921. 338. ,V 339. mmnr ; 2^^- 340. $687.96. 
841. $2854.20. 342. $17230.25. 343. 22} %. 344. '00^4 sq. in. 
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845. 6600 yds. 846. 19511 yds. 2^ in. 847. 6^7^. 348. ^, 
849. 54-0000^56. 860. VoVMr* 861. 58^ yds. 352. $238^ ($233.33). 



868. 1yd. 1-875 in. 864. 18 cwt. 77|| lbs. 866. 048. 866. 6f. 
867. $104.75. 856. $5581.95. 859. $2453.89}. 860. 15 sovs. ; 
45 half-crowns ; 105 shillings. 



861. 60. 862. $1004.06. 868. $18.45. 864. 9'99ll8846. 

866. 66 m. 866. $315858.75. 867. $5.06. 



868. |. 869. 105 wks. 16 hrs. 14^^ min. 870. '1. 

871. 567 tons 3 cwt. 71 lbs. 4 oz. 879. *504. 878. 10^ cu. ft.; 84 c. 

874. 32 days. 

876. 81. 876. $9248.51. 877. '1918 ; -0016. 878. $1193.85. 

879. 25 c. ft. 1440 c. in. 880. 5 7^. 881. $29. 



882. 1094,^. 883. 553 yds. 1 ft. 

884. '53191[4893617021276595744...] 885. 6| days. 386. $22.50. 
887. $165. 888. 4 7„. 889. 5 m. 30 sees. 



890. ii^. 391. '000648. 892. 900 yds. 893. $3220. 

394. $134744.40. 395. $13.86. 396. 3} 7^ at 89. 



397. Hi- 398. 2'0§^. 399. $1296.59. 400. 66 ; $75.90. 

401. A, $4000 ; ^, $1200 ; C, $1800. 402. $7.89. 

403. 128 tons 5 cwt. 



404. 47 yds. 1 ft. 2f in. 405. yHlr ; AV- *06. 6 hours. 

407. 70 sq. yds. 408. $35. 409. A man, $10 ; a woman, $6 ; 

a child, $4. 410. $15,000. 



411. 20i|. 412. -009928 ; *52S. 413. $10.32. 414. 4 years. 
*15. 60 7„ gain. 416. $4000. 417. 2024 sq. ft. ; '046. 



418. llff . 419. -108125. 420. 21 hours. 421. 107 sq. yds. 3 sq. ft. 
422. $164.85. 423. 4^ years. 424. $1062.50. 425 9680 c. yds. 



426. 20-48. 427. 5565. 428. $7,014. 429. $237.91. 

430. $29.37; $58.74; $88.11. 431. 37^ cents. 432. 25 minutes. 
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433. 0. 434. 17 yds. 1 ft. lOf in. 436. lO^V miles. 

436. 24 ft. 10 in. 437. A, $63 ; B, $45 ; C, $54. 438. $29.50. 

439. $9571.25. 440. J hour. 

441. '00063865. 442. *2i§. 443. 37 i days. 444. $25.37}. 

446. 7 miles. 446. $3.75. 447. 3 days. 

448. 15^. 449. 62^ cents. 460. $89. 37^^. 461. 28}^ yds. 

462. Sii 463. $2388. 464. $1824.35. 466. 4500 ducats. 



466. -00000019375. 467. •6l234567§. 468. $500. 469. $16.13. 
460. $933.20. 461. $300. 462. $183.75. 463. 38^^. 



464. 3 lbs. 7 oz. 10 dwts. 15 grs. 466. '00390625. 466. 5 '75 versts. 

467. 14i yds. 468. 171 yds. ; 150 yds. ; 237 yds. ; 102 yds. 

469. $184.55. 470. $78.75. 471. 7f %. 

472. 1600. 473. '09^68. 474. $1609. 62}. 476. $3746.26. 

476. 2940. 477. 9^ %• 478. 14 minutes. 

479. 3%. 480. 7'5337. 481. $1813.43. 482. $3322.01. 

483. 7 hours. 484. 16 %. 486. $4500 stock. 



486. 34 wks. 1 day 19 hrs. 45 min. 487. 17J miles. 

488. 2rV7- 489. $94.50; $117.60; $140.70. 490. 7 months. 

491. $77i. 492. $353.85. 



493. 1. 494. 1 yd. 1 ft. 496. $56. 496. $330 ; $220 ; $165 ; 
$132. 497. $26.25. 498. 9^%. 499. 12 days. 

600. 655*36. 601. 774. 602. 20 ft. 603. $144; $198; $216. 
604. $70. 606. $4150 stock. 606. 127}. 



607. 5 wks. 3 hrs. 20,^ min. 608.60*5. 609. $114.75. 610. $68.25. 

611. $30331.20. 612. $15. 613. $87.50 (men) ; $82.50 (women) ; 

$85 (children). 

614. '0372. 616. $549675.21. 616. 135 cu. yds. 

617. 100 yds. 1 ft. 3 in. ; 66 yds. 2 ft. 10 in. ; 53 yds. 1 ft. 8 in. 

618. $150. 619. 1232 yds. 620. $29000. 

621. 2 wks. 6 days 20} hrs. 622. 143 yds. 2 ft. 9 in. 623. 1^. 

624. $11.45. 626. 10} hours. 626. 14 years. 627. 1^^ per cent. 
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688. 4 cwt 29 lbs. 629. 77|. 630. *010625, 2, '0194. 

631. 32276] yds. 632. $194.88. 633. $252.75. 

634. C runs 7225 yds. to A\ 7216 yds. 

636. 10 lbs. 4 oz. 11 dwts. 7H g». 636. IH- <(37. 1 ton 12 cwt. 50 lbs. 

638. 81 days. 639. $200. 640. $35.20. 641. 12.30 P.M. 

642. 99. 643. '4265625. 644. 32*580612, '0006^, '01356. 

646. 48 oz. 646. 5 per cent. 647. 9 miles 110 yds. 

648. tf . 649. Hf . 660. 2 tons 9 cwt. 50 lbs, ; 5 cwt. ; 2 cwt. 

661. 14. 662. $942.75. 663. A, $28 ; B, $32 ; C, $40. 
664. 41^ 8<1' inches. 

666. \\\\. 666. ih' W7. •4lS, '§84615, ^, ^Hh- 

668. 34 yds. 9^ inches. 669. $2960. 660. $1950. 661. 21 c. 

662. |. 663. 11^. 664. '2dS, '346§. 666. 798 sq. ft. 
666. $36.15. 667. 9 days. 668. $10 (man), $5 (woman), $3 (child). 



669. 1051 tons 4 cwt. 671. 7 tons 11 cwt. 81 lbs. 4 oz. ; '3517361. 
672. $10. 673. $9.82i. 674. 80 c. 

676. -718, -00002. 676. $81.54. 677. A, $10 ; B, $18 ; C, $19.80. 
678. A, $120 ; J?, $60 ; C, $720. 679. $1084.85. 680. At 3.30 P.M. ; 
50 miles from London. 



681. $2620. 22^. 682. 660 men. 683. 48 larger, 8 smaller. 

684. $21.05. 686. $850. 686. 12| c. 

687. 1. 688. 4-25, '9. 689. $8.40. 690. i cent. 691. 1296 c. in. ; 
$1.38. 692. 5§ yrs. 693. A, $4.20 ; B, $7.70 ; C, $7.20. 

694. -09975. 696. 366 yds. 1 ft. 2f in. 696. 7. 697. 144 men. 
698. $27.50. 699. $3500. 600. $7000. 



601. 3^. 602. -071875, 13-§13043 etc. (22 places). 603. '776. 

604. $11.95. 606. $343.83 ; $19.83. 606. $10500. 



607. ^. 608. -2776, 1388. 609. '393375; $232.68. 

610. $3159. 611. $235.54. 612. $12. 



613. 2 fur. 14 po. 3 yds. 2 ft. 6 in. 614. ■^. 616. Hi days. 

616. 32 miles. 617. 8^ per cent. 618. $220. 619. $25.34. 
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620. llA. 621. $7.28 per ton. 622. '00759... ; -171875. 

623. 5383 tons 17 cwt. 50 lbs. 624. $936.48 ; $1105.21. 
626. $62.50. 626. $98.80. 



627. 1. 628. 95 yds. 3^ in. 629. $31.50. 630. $3329.75. 

631. $1685 (man); $421.25 (woman) ; $84.25 (boy). 632. $2710. 

633. 98. 

634. '0428125, 8'Sd. 636. $4.69^. 636. ^. 637. i day. 
638. 14,^ per cent. 639. 1^ per cent. 640. 1 hr. 42 min. after 
my friend had started ; 5^ miles from starting place. 

641. 23H- 642. 75 po. 1 yd. 2 ft. 6 in. 643. 17'7lOSi 

644. 15 days. 646. 5§ years. 646. 5 per cent. 647. 2 days. 

648. 113 yds. 24 in. 649. '016, 2-234375. 660. $11.37i. Wl- $300. 
662. $632.50. 663. Gain $66§. 664. 39 yards. 

666. 2f 666. ^, 667. 126 yds. Of in. 668. 263-^1 
669. 1310 tiles. 660. $236.25. 661. 125 per cent. 

662. T^r. .663. 14*603686456. 664. 6*09743576, -0187. 

665. 87 miles nearly, 1,188,374 m. nearly. 666. 7i days. 

667. $8050. 668. $27. 

669. 27V. 670. $2.50. 671. 5^, 80003. 672. 3 years. 

673. $4088. 674. 4i miles per hour. 676. 216 c. ft. 

676. 10 ac. 151 po. 677. $56.25. 678. $429.82. 679. $1320. 
680. 4^ miles per hour. 681. 343 c. ft. 682. $960.24. 



683. 1-43648. 684. 2ifH- 686. 13*2093 gallons. 686. $528. 
687. -§08641975, '76. 688. $56.03. 689. 35^ miles per hour. 



690. 1. 691. 15. 692. $881. 79}. 693. 2*41 etc. 694. $504. 
696. 81 c. yds. 696. $374. 697. It loses \ii^ min. per day. 

698. 2^. 699. 95 lbs. 700. 17. 701. A fourth. 702. 8} per cent. 
703. A, $6 ; B, $5.25 ; C, $2.75. 704. The latter. 706. A, 12i sec. ; 
jB, 13 J sec. ; C, 15 sec. 

706. 1. 707. 1813*67. 708. $450. 709. 3} per c«nt. 

710. 21 c. 711. 1*966 etc. 
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215. There is always some remainder in the process of 
finding V2 ; hence it is not possible to find a decimal 
number whose square is equal to 2 exactly. 

A number which cannot be exactly expressed as a 
decimal number is said to be incommenSTirable with 
decimal numbers ; and is called an incammensurable number. 

Two quantities, whose ratio is an incommensurable 
number, are said to be incommensurable. 

The length of the diagonal and of a side of a square are incom- 
mensurable. 



Cube Root. 

216. The cube of a number contains either thrice as 
many digits, or one less or two less than thrice as many 
digits as the number. 

For the cube of a number less than 1000 and not less than 100 must 
be less than 1000000000 and not less than 1000000 ; so that it must 
contain either 9 or 8 or 7 digits. 

217. To find the cube root of a given cube number we 
proceed as follows : — 

I. When the cube number is less than 1000 its cube 
root is given by \he Table on page 231. 

n. When tba cube number is greater than 1000, we 
first consider the form of the cube of a number expressed 
by two digits. 

MxampU L (76)«= (70 + 6) times (70 + 6)« 

= (70 + 6) times {(70)2 + ^^{^^ 70 x 6 + 6«} 
= (70)3 + thrice (70)^ x 6 + thrice 70 x 6^ + 6». 

' + thrice (800)2 ^ 50 + thrice 800 x (50)« + (50)» 

' * cube root * is based upon the form of 
irhich may be stated thus : — 
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The cube of the sum of two numbers = the cube of the first 
number + thrice the product of the square of the first by the 
second + thrice the product of the first by the square of the 
second + the cube of the third number. 

This is the algebraic formula (a + hf = a' + Za% + 806* + 6*. 

ExainpU \, Find the cube root of 438796. 

The digits are marked off in 
threes [Art. 216]. 

We observe that 

(70)»= 343000, 
and that (80)»= 612000 ; so that 
the required cube is (70 + some 
digit)'. Accordingly we com- 



7«= 49)438^76(70 + 6^ 
343 
thrice (70)2=14700 
thrice 70x6= 1260 

6»= 36 

16996 



96 976 



95 976 



mence the subtraction of (70 + some digit)' by subtracting (70)*. 

To complete the subtraction of (70 + some digit)* we must also sub- 
tract {thrice (70)* x this digit + thrice 70 x (this digit)* + (this digit)^}, 
that is, {thrice (70)* + thrice 70 x this digit + (this digit)*} x the digit 
Hence our new * divisor ' is the above bracket. 

Accordingly we find that three fo*wi«s (70)*= 14700 ; and we judge 
from the size of the remainder that the digit required is 6 : on trial it is 
found to be so. 

Example ii. Find the cube root of 233744896. 
We first mark off the digits in threes, thus 233744'896, and subtract 
the largest possible cube number as in Example (i) from 233744 ; thus 

6*= 36)233744(61 
216 
thrice (60)*= 10800 
thrice 60 X 1 = 180 
1*= 1 



10981 



17 744 



10981 



6 763 



We have really subtracted (610)*, that is, (61)»xl000 from 
233744896. The remainder is 6763896. 

We must now complete the subtraction of (610 + some digit)* from 
233744896 ; thus 

thrice (610)*= 1116300 6763896(610 + 6 
thrice 610x6= 10980 
6*= 36 



1127316 



6763896 



thus (610 + 6)* subtracted firom 233744896 leaves 910 remainder. 
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715. 8 min. 46*8 860. 714. }. 716. '0000000020850... 

716. 18-6 ft. 717. ISJfeet. 718. 3^ per cent 
719. $4200 stock, $14 increase. 



720. if 721; 12iH- 722. 26970000. 723. $6.57. 

724. $174.20. 726. $24960. 726. $4.25}. 

727. -0019585711. 728. About 91827 c. ft. 729. 10. 

730. $4862'02i. 731. $274.50, $183, $137.25, $76.25. 

732. 58H per cent. 733. 2f hrs. 

734. 5^. 736. 2-17533-.. . 736. $750.24. 

737. At 15 min. past 5 o'clock. 738. $63.25. 739. B by 4f| yds. 

740. 4950 yds. per hour. 

741. 2x5x112x132. 742. \%. 743. $445.14. 744. 135. 
746. $102.50. 746. $776.45. 747. $200. 



748. 1109889. 749. $6.70. 760. 6^ hours. 761. $11.68. 

762. $277.15. 763. $40905. 764. 4 women. 



766. 3i. 766. '054. 767. 362. 768. 567. 769. 6J %. 
760. No change. 761. 101 yds. 

763. 160. 764. $4347. 766. $2.52. 766. $440. 

767. 245 miles ; 2 hrs. 20 min. a.m. 768. 151^ ac. 



769. 10 cwt. 50 lbs. 770. 69 c. 771. 1 hr. 10 m. 13-5 sec. nearly. 
772. 22 ft. 5 in. ; 19 ft. ; 14 ft. 1 in. 773. 7^ per cent. 

774. 128J sq. ft. 776. IJ hours. 

776. J. 777. 20 x 300 x 49 sq. units. 778. 33i %. 779. 43J. 
780. 168 c. ft. 305 c. in. T" V"" 3""". 781. $2174 ; $967 ; $241.75. 

782. $2240.70. 

783. 12 c. 784. -§ = 1. 786. 8J hrs. per day. 786. 8.30 p.m. 
787. 74j/V per cent. 788. $9150 ; $5820. 789. 16 a. 3 r. 8f p. 

790. 3 yds. 3 qrs. 791. 10 ft. 9*7 in. 792. $944.50. 793. $48.64. 
794. $5.32 (man) ; $2.66 (woman) ; $1.33 (child). 796. 3^ in., 

3-855 miles. 796. 107 yds. 

797. 1903. 798. -2649415 ; lib. 6 oz. 8 drms. 799. 850 hrd. 

801. $3125. 802. 20|f yds. 
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B03. A* 804. 1*§. 806. 220 yds. 806. 3 hrs. 30 min. 

807. 1086168. 809. Gain 50 per cent. 

810. 1541. 811. 62-71 lbs. 812. $2.70 (per 12 yds.) 

815. At a proat of 27 %. 814. 8 gallons. 815. $2.87» 

816. 27404 yds. 

8X7. 18|. 818. $111.70 ; -021. 819. 6 feet. 820. 6 yds. 

821. lOlJ. 822. 1 in. 823. A, $49 ; B, $63. 

824. 1 yd. 1 ft. 5g in. 825. $573.77. 826. 1669. 827. $316.06. 

828. 82f gals. 829. 1/^ g^ls. 830. 5^1^ grs. 



831. l-66l579f. 832. Friday June 25, 1761. 833. $3.26. 

834. 10 per cent. 835. 3fi 7„. 836. 1 day. 837. 8708^^7 c in. 

838. H* 839. 684. 840. *78 lbs. 841. | mile. 842. $1078.35. 

843. $400. 844. $123725. 



845. -99998234, 3-043§, 62'459. 846. $12.16. 847. 6 ft. 8 in. 

848. 120000. 849. 94^ yds. 850. $1875. 851. 2^ oz. 

852. 3*8^. 853. 1-8284; •364§ ; -8125458792. 854. $143.75. 

855. 16^ ft. 856. 4^ % ; the same. 857. 5 carats. 858. 2H miles. 

859. 48, rem. 249. 860. 12. 861. 17i ft. 862. $1.11. 

863. Men, $50 ; women, $26.25 ; children, $28.75. 864. 2 per cents ; 
10 per cents. 865. One hour. 

866. The last two recurring. 867. $712.50. 868. $7220. 869. 18f 
870. 1144 yds. 871. 2^ in. 872. 6 minutes. 

873. 3 sq. ft. 874. $2.81 (nearly). 875. $480. 876. 4J sq. ft. 
877. 25. 878. 3 : 2. 879. 119 miles. 



880. 47. 881. $2500. 882. Wednesday, Tuesday. 883. 5 per cent. 

884. $26.25; $22.50; $18.75. 885. 10 ducats. 886. 50 per cent. 

887. 278*3 yds. nearly. 888. 4i^ hours. 889. 40:53. 890. '24. 

891. 6 it. 3 in. 892. A miles. 893. l^U %• 

894. 12 ; 1 1 X 2^ X 6 X 3« X 13» X 7». 895. 15 c. ft. 1182^1 c. in. 

896. 179. 897. 260. 898. 1 to 2. 899. 300 apples, $1.40. 

900. 11 to 5 nearly. 
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•01. 89J %. 902. 10 days. 90S. At 8 p.m. on Monday, 

5 hrs. 59 min. 481 sec. 904. 60 ; 105 ; 168. 906. 291§ lb& 

906. ^T wine, ^j water. 907. 360 matches. 908. In 9 days. 

909. 54tV c. 910. A, 9 days ; B, 111 days ; C, 7\ days. 

911. 13} m. from Cambridge ; at 6 p.m. 912. 5 points. 

918. 4 min. 28f sec. after B started. 914. A, $26 ; B, $19.50 ; 
(7,133.15. 916. 88 yds. 916. $6000. 917. $111. 918.288. 

919. $37.04. 920. 44*69.. .lbs. 921. $1386.75. 922. 21 %. 
924. 32 oz. gold, 184 oz. silver ; $1.23. 926. 3 dys. 926. £15. 19^. 
931. 186. 932. 60 c. ft. ; 80 in., 45 in., 28^ in. 933. 1728000. 
934. $709.75. 986. 2 days. 936. 53H %• 937. 4 h. 36i| min. 
938. Hare 4000, greyhound 3000. 939. $1.25 per lb. 
940. A by 18^ yds. in 4| min. 941. 20f| carats. 942. $10. 
943. 6§ miles per hour in the opposite direction. 944. 6 ft., 4 J ft., 3 ft. 

946. Twice ; IJ mi..and 2f mi. from start. 946. 2671 -9308... c. in. 

947. 18i^ 948. 6 in. 949. ^ sq. in. 960. 30-557... ft. 
961. 180. 962. 120 days. 963. 5H^ grains. 964. 35*38 oz. 
966. $12.50. 966. 77}. 967. 5 %. 968. 2|i gals. ; 9H gals. 
969. lliVmin. 960. 23^-4^ 961.53*6°. 962.564. 963. $234. 
964. 136 rods. 966. $10. 966. t^U ^'t. 967. 8 days. 968. |. 
969. 50. 970. 24} %. [It is understood that his profit of 10 7, is 
made at the time of sale, not in 6 months* time.] 971. 18 •43... times. 
972. 87|. 973. 4^ gals. 974. 2*76... in. 976. $5700. 976. liV sees. 
977. 35. 978. $1610. 979. Speed of boat in still water= 3 x rate 
of river. 980. 2f}f min. to 6. 981. 62, 29. 982. Ay $301.75 ; 
B, $785.25 ; C, $1087.00. 983. lO^f. 984. $3078. 

986. 507; (radius of sphere = 19 -053... ft.) 986. 31 '692... ft. high. 

987. 64000. 988. 700 yds. 989. $250; $200. 990. 3*92. ..in. 
991. 3753*6... 992. 224 ft. 993. $154.35. 994. 12 sq. ft. 88*56 sq. in. 
996. $9009Y}y. 996. 4*94 in. 997. 40*6 in. 998. $1000, 
999. 6 %. 1000. 214415... 1001. (i) 5H % ; (u) 14^ •/,. 
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" I am emphatically in favor of the aim of this book. The average student, 
to-day, gets out of his course in geometry very little except knowledge of 
propositions, and this is more or less permanent according to the retentive- 
ness of the student's memory. The acquisition of power in solving geometri- 
cal problems should be the aim of the teaching of geometry. To recognize 
this is a great step in advance, and I hope the present volume will contribute 
greatly to this end. The * Suggestions to Teachers * are excellent." — Pro- 
fessor Percy I. Smith, Sheffield Scientific School of Yale University^ Ne%o 
Haven^ Conn. 

" Schultze and Sevenoak's Geometry has been in use in the De Witt Qinton 
High School during the past year with the most gratifying results. With no 
other text have we been able to secure such originality in demonstration as 
was manifested by the class using this book. Memory work was never 
attempted by beginners, and the book worked equally well in classes that had 
previously had a part of the subject. More and better work can be accom- 
plished in a definite time, through the use of Dr. Schultze*s methods as set 
forth in this book, than in any other way. The book adapts itself readily to 
the use of large or small classes, or to the private use of the individual. 

" All Geometries ordered for use this fall were Schultze and Sevenoak's. 
It is without question the best Geometry published. It is a teachable book. 
The question of the * royal road ' to Geometry has been solved. I unquali- 
fiedly recommend its use in high or private schools." — H. B. Penhollow, 
De Witt Clinton High School, New York City, 

** The excellent arrangementj the careful drawing of figures, the simplicity 
and directness of the demonstrations, as well as the choice and progressive 
variety of the * originals,' make up a most teachable text." — G. W. Kennedy, 
High School, Troy, N, K. 

"The plan of the book is just what I have been using for some time, and it 
commends itself to me." — J. P. Conover, St, PauPs School, Concord, NM, 
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HALL AND KNIGITPS 

Algebra for Colleges and Schools 

Revised for American Schools and Colleges by 

FRANK L. S£VENOAK, A.M., M.D. 

ITtno Half Leatfier $IJO net 



ELEMENTS OF ALGEBRA 

The " Elements of Algebra " contains the first 366 pages of the " Algebn 
for Colleges and Schools." 

tloao Half Leather 90 cents net 



" I prefer it to any other elementary work on the market. Clearness 01 
demonstration and the great educational value of its methods are the attrac- 
tive features." — Professor E. W. Nichols, PHrginia Military Institute. 
Lexington^ Va. 

*' I should like to express my satisfaction that there is at least one good 
elementary algebra suited for preparation to college." — Miss Grace B 
TowNSEND, Wellesley Hills, Mass, 

** I take pleasure in stating that for several years I taught algebra in a pri- 
vate institution, using, as a text, Hall and Knight's < Algebra for Colleges and 
Schools,* for college preparation. Since teaching in the public schools of 
New York City, I have taught both beginning and advanced classes, using 
this same text. I have been impressed at all times with the admirable grad- 
ing of the work and the natural order of exercises, and consider it a book that 
can be used throughout the ordinary four-year high school course. The book 
contains many points which are unique, and I have no hesitation in stating 
that, from results obtained, I consider it the best working text-book on this 
subject I have seen." — Dr. Arthur Schultze, High School 0/ Commerce, 
New York City. 
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FISHER AND SCHWATT'S 

Scries of Text-books on Mathematics 



Rudiments of Algebra . . . $ .60 School Algebra $1.00 

Secondary Algebra . ... 1.08 Elements of Algebra ... i.io 

Complete Secondary Algebra 1.35 Higher Algebra 1.50 

Quadratics and Beyond . . .go Text-book of Algebra^ Part I z.40 



The Fisher and Schwatt algebras have achieved a marked success in the 
short time that they have been before the public. The " Higher Algebra " is 
used as a regular text-book at Harvard University, and the elementary books 
are established in secondary schools of corresponding rank. 

These text -books may be resolved into two series, the more popular of 
which consists of the " Rudiments " (for grammar schools) and the " Second- 
ary" (for high schools). The "Complete Secondary" includes the material 
of the "Secondary" and also chapters on Continued Fractions, Summation of 
Series, the Exponential and Logarithmic Series, Determinants, and Theory 
of Equations. Thus, while the " Secondary " covers the requirements for 
admission to colleges, the " Complete Secondary " covers the requirements for 
admission to any scientific school, and is also sufficiently full for the ordinary 
work of the first year in college. " Quadratics and Beyond " consists of the 
second half of the " Complete Secondary," bound separately for the conven- 
ience of advanced and reviewing classes in secondary schools, and for college 
freshman work. 

The second series constitutes a more difficult course and places more em- 
phasis on the theory of mathematics. In this series the " School Algebra " 
corresponds roughly to the " Secondary," and the " Elements " to the " Com- 
plete Secondary." 

The " Higher Algebra " is a book for college courses. The " Text-book 
of Algebra " is a high school book containing an unusually large number of 
graded exercises; it is a valuable mine of problems bearing on the regular 
high school work. ^ 
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